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NORTH  OF   ENGLAND    INSTITUTE 

OF 

MINING  AND  MECHANICAL  ENGINEERS. 

THE  INSTITUTION  OF  MINING  ENGINEERS. 


THIRTEENTH  ANNUAL  GENERAL  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

Skftembeb  17th,  1902. 


Mb.  JAMES  S.  DIXON,  Retiking-Presidknt,  in  the  Chair. 


ELECTION  OF  OFFICERS,  1902-1903. 
The  Secretary  announced  the  election  of  officers  for  the 
ensuing  year  by  the  Council  as  follows:  — 

Pkesidbnt  : 
Suu  Lindsay  Wood,  Babt. 


Mr.  Henbt  Aitkbn. 
Sib  Lowthian  Bell,  Babt. 
Mb.  G.  E.  Coke. 
Mb.  John  Daglish. 


Vioe-Pbbsidknts  : 

Mb.  M.  Deacon.  i  Mb.  George  May. 

Mb.  J.  T.  FoBGiE.         i  Mb.  H.  B.  Nash. 

Mr.  John  Gebbabd.      '  Mr  J.  B.  Simpson. 

Mr.A.MayonHen8ha\v.  Mb.  J.  O.  Weeks. 
Mb.  R.  S.  Williamson. 


AUDITOBS  : 

Messbs.  John  G.  Benson  and  Son,  Newcastle-upon-Tyne. 

Tbeasubebs  : 
Messbs.  Lambton  and  Company,  The  Bank,  Newcastle-upon-Tyne. 


The  Secretary  read  the  Annual  Report  of  the  Council  as 
follows :  — 

VOL.LITI^190|ltO|.  ^ 


ANNUAL   EEPOKT   OF   THE   COUNCIL. 


THE  INSTITUTION  OF  MINING  ENGINEERS. 

THIRTEENTH  ANNUAL  REPORT  OF  THE  COUNCIL. 

The  six  federated  societies  constituting  The  Institution  of 
Mining  Engineers  are  the  same  as  last  year,  namely  the  Midland 
Counties  Institution  of  Engineers ;  the  Midland  Institute  of 
Mining,  Civil  ai^d  Mechanical  Engineers;  the  Mining  Institute 
of  Scotland :  the  North  of  England  Institute  of  Mining  an<) 
Mechanical  Engineers ;  the  North  Staffonlshire  Institute  of 
Mining  and  Mechanical  Engineers ;  and  the  South  Staffordshire 
and  East  Worcestershire  Institute  of  Mining  Engineers. 

The  following  table  exhibits  the  progress  of  the  membership 
since  the  formation  of  the  Institution  in  1889 :  — 

TotalH. 
1,239 
1,196 
1,434 
1,552 
2,191 
2,319 
2,382 
2,507 
2,509 
2,486 
2,482 
2,554 
2,601 

Messrs.  E.  Harz6,  W.  H.  Pickering  and  Fred.  A.  Grey  have 
been  elected  Honorary  Members  of  tlie  Institution. 

The  Institution  took  charge  of  Sei'tion  VL — Mining  and 
Metallurgy — of  the  International  Pmgineering  Congress  held  at 
G}a8gow  in  Septomber,  1901.  The  members  are  to  be  ron- 
gratulatod  upon  the  excellent  papers  coinmunicate<l  at  this  meet- 
ing, and  at  that  hold  in  London  in  May,  VM)2,  The  thanks  of 
the  Institution  have  been  sent  t-o  the  gentlemen  who  kindly  opened 
their  (^cdlieries  and  works  to  the  members  attentling  these 
meetings. 

Prizes  have  Immmi  awanleil  to  the  writers  of  the  following 
papers,  which  arc  printe<l  in  the  Tranmctitms  (vols,  xviii,  and 
xix.):    - 


r««r  ending 

No.  of 

No.  of 

July  3Ut. 

Membem. 

Non-fedentted. 

1890 

1,189 

50 

1891 

1,187 

9 

1892 

1,415 

19 

1893 

1,533 

19 

1894 

2,068 

.       123 

1895 

2,210 

..       109 

1896 

2,301 

81 

1897 

2,447 

60 

1898 

2,462 

...        47 

1899 

2,445 

41 

1900 

2,447 

35 

1901 

2,524 

30 

1902 

2,571 

30 
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"  Probable  Duration  of  the  Scottish  Coal-Helds."     15y  Mr.  H.  W.  l)ron. 

•*  Notes  upon  Ancient  and  Mmlern  Surveying,  an<l  Surveying  Instrumenta, 

IJooks,  Tal)les,  etc."     By  Mr.  H.  1).  Hcmkolcl. 
**The  Rating  of  Coal-mine«."     By  Mr.  (i.  Humphreys- Da  vies. 
**  Subsidences  in  and  around  the  Town  of  Northwich,  Cheshire."    By  Mr. 

Thomas  Ward. 

Addresses  have  been  delivered  during  the  year  by  Sir  William 
Thomas  Lewis,  Bart.,  and  Mr.  James  S.  Dixon,  presidents 
of  The  Institution  of  Mining  Kngineors ;  by  Mr.  G.  E.  Coke, 
president  of  The  Midland  ('ountios  Institiiti<»n  of  Engineers;  by 
Mr.  Henry  Aitken,  president  of  The  Mining  Institute  of  Scot- 
land ;  by  Prof.  Charles  Lapworth,  president  of  the  South  Staf- 
fordshire and  East  Woreostershire  Institute  of  Mining  Engineers  : 
and  by  Mr.  James  Mansergh,  president  of  the  International 
Engineering  Congress,  Glasgow,  1901. 

The  high  standard  of  the  papers  published  in  the  Transactions 
has  been  maintained,  and  the  Council  trust  that  papers  will  be 
contributed  as  liberally  as  heretofore. 

The  papers  on  geology  include  the  following  :  — 

**  Slips  in  a  Sandbank."     By  Mr.  James  Barrowman. 

**The  Carboniferous  Limestone   Goal-fields    of  West  Lothian."      By  Mr. 

Henry  M.  Cadell. 
"The  Oilshale-fields  of  the  Lothians."     By  Mr.  Henry  M.  Cadell. 
'*The   Mining,   Concentration   and    Analysis    of    Corundum    in    Ontario, 

Canada."     By  Dr.  W.  L.  Goodwin. 
**  Some  Silver-bearing  Veins  of  Mexico."    By  Mr.  Edward  Halse. 
•*  The  Coal-field  of  Northern  Belgium."     By  Mr.   E.  Harz". 
"The  Sequence  of  the  C'arboniferous  Rocks  in  North  Staffordshire."     By 

Dr.  Wheelton  Hind. 
"Lead-  and   Zinc-deposits  of  the  Mississippi  Valley,  U.S.A."     By  Messrs. 

C.  R.  Van  Hise  and  H.  Foster  Bain. 
"  Deposits  of  Hydroborate  of  Lime  :  Its  Exploitation  and  Refination."      By 

Mr.  Carlos  A.  Lynes  Hoskold. 
"The  Dysart,  Wemyss  and  Leven  Coal-field,  Fifeshire."      By  Mr.  Richard 

Kirkby. 
"  Note  on  a  Mineral  Vein  in  Wearmouth  Colliery."     By  Prof.  Henry  Louis. 
"Mineral  Resources  of  the   Province   of   Quebec,  Canada."      By    Mr.    J. 

Obalski,  H.M.  Inspector  of  Mines. 
"The  Rand  Conglomerates,  Transvaal."     By  Mr.  Hugh  Pearscm. 
"  The  Bel  voir  Iron-ore."     By  Mr.  R.  V.  Percy. 

"  The  Coal-fields  of  New  Brunswick,  Cana^la.'*     By  Mr.  Henry  S.  Poole. 
"The  Tarquah  Oold-field,    (iold   Coast,    West   Africa."      By    Mr.    A.   R. 

Sawyer. 
"The  Tarkwa  (Jold-field,  West  Africa."     By  Mr.  A.  R.  Sawyer. 
"The  Buffelsdoom  and   Adjacent  Districts   of   the   Northern    Klerksdorp 

(rold-fields,  Transvaal."     By  Mr.  William  Smith. 
"The  Carboniferous  Limestone   Quarries  of   Wcardale,"      By   Mr.   A.    L, 

Steavenson, 
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**  Recent  Work  in  the  Correlation  of  the  Measares  of  the  Pottery  Coal- 
field of  North  Staffordshire,  with  Suggestions  for  further  Development." 
By  Mr.  John  T.  Stobbs. 

Mining    enjfineering   has   been    discussed    in    the    following 
papers :  — 

**  The  Working  of  Contiguous,  or  nearly  Contiguous,  Seams  of  Coal.*'      By 

Mr   Thomas  Arnott. 
**  Working  Coal  under  the  River  Hunter,  the  Pacific  Ocean  and  its  Tidal 

Waters,  near  Newcastle,  in  the  State  of  New  South  Wales."      By  Mr. 

A.  A.  Atkinson,  H.M.  Inspector  of  Mines. 
**  Description  of  Underground  Haulage  at  Mossblown  Colliery,  Ayrshire." 

By  Mr.  James  Baird. 
"What  is  the  least  possible   Waste  in  Working  Coal?"     By  Mr.  James 

Barrowman. 
**  Unwateriiig  and  Fitting  a  Lanarkshire  Colliery  with  Modem  Appliances/' 

By  Mr.  Roliert  Broom. 
**The  Occurrence,    Mo<le  of   Working,  and  Treatment   of   the  Ironstones 

found  in  the  North  Staffordshire  Coal-field."     By  Mr.  John  Cadman. 
**  A  Method  of  Working  the  Thick  Coal-seam  in  two  Sections."     By  Mr. 

William  Charlton. 
**  Coal-mining  in  India."     By  Mr.  K.  W.  Clarke. 
**  Sinking  by  Freezing."    By  Mr.  A.  (Jobert. 
"The    Mining,    Concentration    and    Analysis    of    Corundum    in    Ontario, 

Canada."     By  Dr.  U^  L.  Goodwin. 
**  Mining  and  Treatment  of  Copper-ore  at  the  W^allaroo  and  Moonta  Mines, 

South  Australia."     By  Mr.  H.  Lipson  Hancock. 
**  The  W^orkinj?  of  Contiguous,  or  neaily  Contiguous,  Seams  of  Coal."     By 

Mr.  John  Hogg. 
*' The  Dysart,  Wemyss  and  Leven  Coal-field,  Fifeshire."      By  Mr.    Richanl 

Kirkby. 
"  The  Working  of  Contiguous,  or  nearly  Contiguous,  Seams  of  Coal."     By 

Mr.  Thomas  Moodie. 
**  Boring  in  Japan."     By  Mr.  F.  J.  Norman. 
•*The  Re-opening  of  Hartley  Colliery."     By  Mr.  R.  E.  Ornsby. 
'Miold-dredging  in  Otago,  New  Zealand."     By  Mr.  V.  W.  Payne. 
•'  Tiie  Ikdvoir  Iron-ore."     By  Mr.  R.  F.  Percy. 
*'Chine8e  Mines  and  Miners."     By  Mr.  Alexander  Reid. 
'*The    laniuali   Gold-field,   Gold    Coast,    West    Africa"       By  Mr.    A.   R. 

Sawyer. 
•»The  Tarkwa  (;old  field.  West  Africa.'      By  Mr.  A.  K.  Sawyer. 
**  The  Bu  \'lH(loom  an<l  Adjacent  Districts  of   the   Northern   Klerksdorp 

(told-tieldH,  Transvaal  '     By  Mr.  William  Smith. 
**  The  ('arlM)niferouh  Limestone  Quarrirs  of    Weardale."     By    Mr.    A.    L. 

Steavenson. 
**  AuriferouM  GraveU  and  Hydraulic  Mining."     By  Mr.  William  S.  Welton. 
♦*  Tapping  Drowned   WorkingH  at  Wheuthy  Hill  Colliery."    By  Mr.  W.  B. 

Wilson,  Jnn. 

Me('haiii<'al  eiij^iiuHM-ini:  has  l>oon  the  subject  of  the  following 
papers :  — 
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**  A  Method  of  Socketing  a  Winding-rope,  and  its  Attachment  to  a  Cage 

without  the  Use  of  Ordinary  Chains."    By  Mr.  W.  C.  Blackett. 
**The  B.C.B.   Instantaneous  Either-side  Brake  for  Railway  Wagons  and 

Similar  Vehicles."    By  Mr.  Edward  Brown. 
'*  Newcomen  Engines."    By  Mr.  M,  Walton  Brown. 
''An  Instrument  for  the  Automatic  Record  of  Winding  ()|*eration8."     By 

Mr.  Walter  Newton  Drew. 
"Fitting  a   New    Drum-sliaft  to    a    Winding-engine,   Florence   CoUitry, 

Longton."     By  Mr.  C.  V.  Gould. 
**  Some  Experiences  and  Results  derived  from  the  Use  of  highly  Sujierheated 

Steam  in  Engines."    By  Mr.  R.  Lenke. 
**  Changing  Headgears  at  Pleasley  Colliery."     By  Mr.  O.  A.  Longden. 
**A  Regenerative  Steam -accumulator,  and  its  Application  for  Usin^  Kx- 

haust-steam."     By  Prof.  A.  Rateau. 

The  foUowinjj^  papers  have  heen  contrihuted  on  mine-ventila- 
tion and  safety-appliances :  — 

**  An  Apparatus  for  Lighting  Miners'  Safety  or  other  Enclosed  Lam])s  by 

Electric  Current."    By  Mr.  Edward  Brown. 
**  Experiments  on   an   Auxiliary   Ventilating    Fan.''     By    Mr.   M.  Walton 

Brown. 
**  Experimental   Gallery    for    Testing    Life-saving   Apparatus."      By   Mr. 

W.  E.  Garforth. 
**  A  New  Diagram  of  the  Work  of  Mine -ventilation."      By  Mr.  H.  W   G. 

Halbaum. 
**  Apparatus    for    Closing    the    Top   of    the    Upcast -shaft    ai    Woodhorn 

Colliery."    By  Mr.  C.  Liddell. 
**  Remarks  on  Mr.  M.  Walton  Brown's  Report  on  *  Mechanical  Ventilators.'  " 

By  Prof.  A.  Rateau. 

Mine-surveying  and  instruments  have  been  ireated  of  in  the 
following  papers :  — 

**  A  Traversing  Stand  for  a  Theodolite." 

**  The  Grubb  Sight  for  Surveying-instruments."     By  Sir  Howard  (4rubl)  and 

Mr.  Henry  Davis. 
**A  New  Civil  and  Mining  Engineers'  Transit-theodolite   for  Connecting 

Underground   W^orkings   to   the   Surface,   n'o-rfrsa,  and    for   General 

Surveying."     By  Mr.  H.  D.  Hoskold. 
''Standardization  of  Surveyors'  Chains."     By  Prof.  Henry  Louis. 
**  Mine-surveying  Instruments."     By  Mr.  Dunbar  D.  Scott. 
•*  The  Connection  of  Underground  and  Surface  Surveys.''     By  Mr.   G.   K. 

Thompson. 

The  following  papers  have  been  written  on  metallurgy,  etc. : 

**  A  Native  Lead-smelting  Furnace,  Mexico."     By  Mr.  A.  H.  Bromly. 
"The  Occurrence,   Mode  of  Working,  and  Treatment  of  the  Ironstones 

found  in  the  North  Staffordshire  Coal-field."    By  Mr.  John  Cadnian. 
"The  Imperfect  Pulverization    of    Rocks    by    means    of    Stamping,   and 

Suggestions  for  its  Improvement."    By  Mr.  E.  D.  Chester. 
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**  Crucible-assaying  of  (iold-ores.".    By  Mr.  Hamilton  C.  Dickson. 

'*  The  Mining,  Concentration  and  Analysis  of  Corundum  in  Ontario, 
Canada."    By  Dr.  W.  L.  Goodwin. 

*'  Mining  and  Treatment  of  Copper. ore  at  the  Wallaroo  and  Moonta  Mines, 
South  Australia."     By  Mr.  H.  Lipson  Hancock. 

"  Deposits  of  Hydroborate  of  Lime  :  Its  Exploitation  and  Reflnation."  By- 
Mr.  Carlos  A.  Lynes  Hoskold. 

**  Treatment  of  Low-grade  Copper-ores  in  Australia."     By  Mr.  J.  J.  Muir. 

The  application  of  electricity  has  been  discussed  in  the  follow- 
ing papers:  — 

**  An  Apparatus  for  Lighting  Miners'  Safety  or  other  Enclosed  Lamps  by 

Electric  Current."     By  Mr.  Edward  Brown. 
**  The  Ek;onomy  of  Electricity  as  a  Motive  Power  on  Railways  at  present 

driven  by  Steam."     By  Prof.  C.  A.  Carus- Wilson. 
*'  Mechanical  Undercutting  in  Cape  Colony."     By  Mr.  John  Colley. 
**  Electric  Traction  on  Roads  and  Mineral  Railways."      By   Mr.   W.    R. 

Cooper. 
"  Electric  Pumping-plant  at  South  Durham  Collierj'."      By  Mr.   Fenwick 

Darling. 
'*  The   Practical   Results  obtained  on  Changing  the   Motive  Power  of  an 

Underground  Pump  from   Steam   to   Electricity."     By  Mr.  Hugh  P. 

Swann. 
**  Sparkless  Electric  Plant  for  Use  in  Mines  and  Ironworks."     By  Mr.  J.  H. 

WhitUker. 

The  question  of  coal-cutting  has  been  the  subject  of  the  follow- 
ing papers:  — 

"  Coal -cutting  by  Machinery."     By  Mr.  R.  W.  Clarke. 
*'  Mechanical  Undercutting  in  Cape  Colony."     By  Mr.  John  Colley. 
*'  The  Application  of  Coal-cutting  Machines  to  Deep  Mining."     By  Mr.  W. 
E.  (Jarforth. 

Coal-washing  has  been  the  subject  of  the  following  papers  :  — 

"  Campbell  Coal-washing  Table."     By  Mr.  Clarence  R.  Claghorn. 
*-The  Craig  Coal-washer."     By  Mr.  William  Scott. 

The  following  papers  have  been  contribute<l  on  the  subject  of 

coke-making :  — 

*•  Coke-making  at  the  Oliver  Coke-works."     By  Mr.  Fred  C.  Kcighley. 
**The   Pnxlnction   of   Illuminating- gas   from   Coke-ovens."       By   Dr.     F. 
Solmiewind. 

The  following  memoirs  have  been  communicated:  — 

•*  Obituary  of  Thomas  William  Jeircock."     By  .Mr.  0»car  J.  CotteroU. 
*«  Memoir  of  the  late  (ieorge  Baker  Forster."     By  Mr.  11.  H.  Forsler. 
•*  Memoir    of  the   late  (Jeorgc   Clementson    Cireenwell."      By    Mr.  (J.  C. 
Cirt»enwell. 
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The  miscellaneous  papers  include:  — 

** Brick-making."    By  Mr.  George  L.  Allen. 

"  Barometer,  Thermometer,  etc.,  Reiidings  for  the  Year  1901."     By  Mr. 

M.  Walton  Brown. 
•*  Legislation  and  the  Ownership  of  Properties  Containing  Coal.*'     By  Mr. 

Daniel  Jones. 
'*  The  Kitson  System  of  Petroleum  Incandescent  Light."     By  Mr.  Arthur 

Kitson. 
*'  The  Analytical  Valuation  of  Gas-coals."     By  Mr.  G.  P.  Lishman. 
*  *  Report  of  the  Delegate  of  The  Institution  of  Mining  Engineers  to  the 

Conference  of  Delegates   of  Corresponding   Societies    of    the    British 

Association   for  the   Advancement  of  Science,   Glasgow,    Septeml)€r, 

1901."    By  Prof.  Henry  Louis. 
'*  Coal-mining  Subsidences  in  Relation  to  Sewerage -works."     By  Mr.  F.  W. 

Mager. 
'  *  Report  of  the  Delegate  of  the  North  of  England  Institute  of  Mining  and 

Mechanical  Engineers  to  the  Conference  of  Delegates  of  Corresponding 

Societies  of  the  British  Association  for  the   Advancement  of  Science, 

Glasgow,  September,  1901."     By  Mr.  J.  H.  Merivale. 
**A  Visitto  theSimplon  Tunnel:    The  Works  and  Workmen."     By  Dr. 

Thomas  Oliver. 
**  The  Determination  of  the  Calorific  Power  of  Fuel."     By  Mr.  S.  L.  Thacker. 
**  The  Training  of  Industrial  Leaders."     By  Prof.  J.  Wertheimer. 

The  preceding  list,  comprizing  94  papers,  demonstrates  the 
varied  nature  of  the  subjects  printed  in  the  Transactions  (vols, 
xxii.  and  xxiii.)  during  the  past  year. 

**  Xotes  of  Papers  (115)  on  the  Working  of  Mines,  Metallurgy, 
etc.,  froni  the  Transactions  of  Colonial  and  Foreign  Societies 
and  Colonial  and  Foreign  Publications  "  have  been  continued, 
and  should  prove  of  value  to  the  members. 

Members  can  purchase,  at  privileged  prices,  copies  of  the 
Transactions  of  the  following  Corresponding  Societies:  — 

The  Australasian  Institute  of  Mining  Engineers. 
The  Canadian  Mining  Institute. 
The  Institution  of  Mining  and  Metallurgy. 
The  Mining  Society  of  Xova  Scotia. 

Prof.  H.  Louis  represented  the  Institution  at  the  meetings 
of  the  Corresponding  Societies  Committee  of  the  British  Associa- 
tion for  the  Advancement  of  Science,  held  at  Glasgow,  in 
September,  1901 ;  Mr.  John  Gerrard  at  the  Jubilee  proceedings 
of  Owens  College,  Manchester;  and  Messrs.  James  Barrowman 
and  M.  Walton  Brown  on  the  London  Committee  of  the  Inter- 
national Engineering  Congress  held  at  Glasgow. 
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Since  1852,  the  date  of  the  formation  of  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers,  considerable 
improvements  have  been  adopted  in  methods  of  mining  and 
metallunrical  processes,  accompanied  by  increased  production  of 
minerals  and  metals,  and  a  decreased  death-rate.  A  g^reat 
part  of  tliese  improvements  is  due  to  the  <levelopment  of  societies 
devoted  to  the  consideration  of  methods  for  the  safe  working  of 
mines  and  the  preservation  of  human  life.  And  since  that  date  the 
means  of  ethication  for  mining-engineers  has  been  enhanced  by 
courses  of  lectures  provided  at  Universities  and  Technical 
Colleges :  and  examinations  have  been  instituted  for  mine- 
manager's  certificates.  Mechanical  appliances  for  getting 
minerals  and  improved  explosives  have  l)ecome  a  necessity, 
ventilation  is  produced  by  fans  on  the  surface  instead  of  by  under- 
ground furnaces,  mechanical  haulage  has  replaced  horses, 
machine-holing  is  taking  the  phice  of  human  labour,  and  elec- 
tricity lias  been  introduced  as  a  motive  power  for  all  classes  of 
machinery. 

The  object  of  a  technical  society  is  not  wholly  attained  unless 
there  be  adequate  and  (»ritical  disrussion  of  the  papers  printed 
in  the  Trnnsacticms,  Discussion  is  the  test  of  the  value  of  a 
paper,  it  makes  known  the  experience  of  the  speakers,  and  it 
directs  att^^ntion  to  questions  that  may  have  been  overlooked  by 
the  writer.  The  value  of  the  Transactions  would  also  be  con- 
siderably increased  by  the  addition  of  written  remarks,  sent  to 
the  Se<'retary,  from  members  who  are  unable  to  attend  the 
meetings. 
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10  ACCOUNTS. 

3B)r,  The  Tbicasubbr  in  account  with 

Fob  the  Yxak 

July  31,  1901.  £  ».  d.       £     s.    «i. 

To  Balance  at  Bank,  Current  Account  3aiJ  19  3 

Deposit  Account  1,019  14  6 

„         .,        in   Caahier'8  hands  63  6  7 


1,412     0     4 


9  10 

0 

0  19 

0 

70    6 

0 

12     7 

0 

31     7 

0 

___ 

139  13 

0 

To  Subscriptions  for  the  Year  ending  July  31,  1901  — 

Federated — 

Midland  Counties  Institution   of  Engineers      15     4    0 

Midland    Institute  of    Mining,   Civil   and    Mechanical 

Engineers 

Mining  Institute  of  Scotland         

North  of  England  Institute  of  Mining  and  Mechanical 

Engineers 

North  Staffordshire  Institute  of  Mining  and  Mechanical 

Engineers 

South  Staffonlshirc  and  East  Worcestershire  Institute 

of  Mining  Engineers         


To  Subscriptions  for  the  Year  ending  July  31,  1902— 

Federattd — 
Midland  (%>unties   Institution  of  Engineers      ...         ...       285     0     0 

Midland    Institute  of    Mining,   Civil   and    Mechanical 

Engineer!- ...       275  10    0 

Mining  In.stitute  of  Scothuiii  382  17     0 

North  of  England  Institute  of  Mining  and  Mechanical 

Enginecn. 1.084  18    0 

North  Staffonlshirc  Institute  of  Mining  and  Meclianical 

Engineers \m    4     0 

South  Staffonlshirc  and   East  Worcestershire  Institute 

of  Mining  Engineers         47   10     U 

2,261    19     O 

XoH'Fede  rated — 
Mining  In>«t it ute  of  S4*«)tlund  la     0     0 


Carrie*l  forwunl  ..     £3,828  12     4 


ACCOUNTS.  1 1 

Thk  Inbtitutiok  of  Mimiko  Enoinekbs.  dr. 

£NDiN6  July  31,  1902. 


£   s.   d.   £  8.   a.    £    A.  a.    £    8.  a. 

July  31,  1902. 
By  Printing — 

TrantaetioMt '^o\,  XX.,  printing    ...197     6  11 
,,  „      „     plates        ...122     8     6 

319  14     5 

„  xxi.,  printing    ...  87  19    0 
„  „      „     plates        ...  74  13    0 

162  12    0 

.,  .,   xxii.,  printing  ...424     2    5 

,,  ,,      ,,       plates      ...151     0    3 

576     2     8 

,.  .,   xxiii.,  printing...  72     8    2 

,,  .,      ,,       plates     ...  44    4     I 

116  12     3 

1,174     1     4 

Excerpts,  vol.  xix.  ...  0  10    6 

.,    XX.  21   19    6 

.,    xxi.  19     5  10 

,.     xxii.  47     8    2 

.,  ,,     xxiii.  11     6     7 

lOU  10     7 

Proofs  of  Papers  for  General  Meetings 23  16    4 

Circulars       17  10    8 

1,315  17  11 

,.   Addressing  Transact  ions,  etc 40    6     2 

..    Stamps— Circulars 14  13    0 

„        Correspondence  20  13     1 

„         Transactions      349  19     8 

385     5     9 

„   Stationery,  etc 57    8     1 

,.    Insumnce  ot  Transactions  3    0    0 

,.    Binding — Library 3  14  11 

„        Sundries 2  16    0 

„  „         Transactions 0    5     3 

16  2 

.,   Reporting  General  Meetings        21  13  6 

..   Expenses  of  General  Meetings 5    4  9 

,.  Incidental  Expenses          15    0  6 

„  Salaries,  Wages,  Auditing,  etc 566  16  0 

.,  Indexing  Transactions      ...                    37  10  0 

„  Travelling  Expenses          61  17  11 

1.189  16  10 


Carried  forward  £2,605  14     9 
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3B)r« 


ACCOUNTS. 

The  Tbbasubkr  in  account  with 


Brought  forwarii 

To  Local  Publications  and  Authors*  Copies — 

The  Institution  of  Mining  Engineers 

Midland  Counties  Institution  of  Engineers  ... 
Midland    Institute    of    Mining,    Civil     and 

Mechanical  Engineers  

Mining  Institute  of  Scotland 

North  of  fingland  Institute  of  Mining  and 

Mechanical  En<;ineer8  

North  Staffonlshire  Institute  of   Mining  and 

Mechanical  Engineers  

South  Staffordshire  and  East  Worcestershire 

Institute  of  Mining  Engineers         


Z    s.   d. 

£     s.    d.      £      B.    d. 

3,828  12     4 

1900-1901. 

19011901. 

0     0     0 

66    9     4 

0    0    0 

1    r>    2 

0    0    0 

4     1     9 

0  17    6 

20    0     2 

0    0    0      20    7    6 


0  19    0 


7  11     2 


0     0     0        0     0     0 


1   16    6     109  15     1 


in    11     7 


To  Sales  of  Transactions,  etc. — 

The  Institution  of  Mining  Engineers 

Midland  Counties  Institution  of  Engineers  ... 
Midland     Institute    of     Mining,    Civil    and 

Mechanical  Engineers  

Mining  Institute  of  Scotland 

North  of  England   Institute  of  Mining  and 

Mechanical  Enginet^rs  

North   Staffonlshire  Institute  of  Mining  and 

Mechanical  Engineers  

South  Staffordshire  and  Bast  Worcestershire 

Institute  of  Mining  Engineers         


190ai901. 

19011908. 

0     5     0 

177     8    6 

0     0     0 

16    6     8 

1     0     0 

4     6     8 

0     6     8 

3    6     8 

0    0    0      26  11     8 


4  13     4 


6  13     4 


2     0     0 


0     0     0 


12  18     4     230    0     2 


242  18    6 


To  Advert  izementfl         

To  Ad<lreftt  Labels 

To  Interest  on  De^KMit  Account 


581  11   10 

3  12     6 

25     8  11 


£4,793  10    S 


AOOOUNTS.  18 

Thb  Ikstitution  of  Mining  Evgisekrr,— Continued,  Qx. 


£    8.   d. 

Brought  forwanl         2.605  14     1» 

Br  Adyertizement  Commission  145     7  11 

»  Tnnslations  of  Papers      8    7    t> 

„  Abstracts  of  Foreign  Papers,  vol.  xx.     ...      £12    6    r> 
„         ^  „  .,    xxi.    ...  5     0    0 

17     6     5 

,.  Barometer  Readings,  etc 5    5    0 

,,  Calendars     13  13    6 

,.  Prizes  for  Papers  in  Volumes  xviii.  and  xix 20    0    0 


59  12     5 


2,710  15     1 

.,  Balance  at  Bank,  Current  Account         487  11     1 

„  ,.       Deposit  Account         ...  1,644  18    5 

in  Cashier's  hands  50    6     1 


■2,082  15    7 


We  have  examined  the  above  account  of  receipts  and  payments, 
with  the  books  and  vouchers  relating  thereto,  and  certify  that  in 
our  opinion  it  is  correct. 


John  G.  Brnbon  &  Son, 

Chartered  Accountants. 


Newcattle-vpon-Tifhe, 

Angmni  7th,  1902. 


£4,793  10    8 


14  ACCOUNTS. 


Xiabilitiee. 

Sundry  Creditors — 

Ad vertizemcnts  paid  in  Advance  

Printing,  etc.  

Postage  of  Transactions 

Abstracts  of  Foreign  Papers  in  Volumes  xxi..  xxii. 

and  xxiii.  

Barometer  Readings         

Prizes  for  Papers  in  Volumes  xx.,  xxi.,  xxii.  and  xxiii. 

Indexing  Volumes  xxi.,  xxii.  and  xxiii.  

Advcrtizemcnt  Commission,  etc.  ...  

Balance  of  Assets  over  Liabilities 


The  iNBTiTaTiON  op 
Balance  Bhekt.— 


£     S.     d.         £     8.    d. 


21  11 

8 

1,458  0 

0 

240  0 

0 

160  0 

0 

8  0 

0 

40  U 

u 

40  0 

0 

ys  7 

9 

— 

2,050  19  5 
628  9  10 

We  have  examined  the  above  Balance  Sheet,  with  tlie  books 
and  vouchers  relating  thereto,  and  certify  that  in  our  opinion  it 
exhibits  a  correct  view  of  the  affairs  of  the  Institution. 
John  G.  Benson  k  Son, 

Chartered  Accountants. 
yewvcuftU'  upon-  TyHf, 

A/arch  (VA,  1903. 


£2,679     9     3 


/ 


ACCOUNTS.  16 


MllfINO  Bkoikebbb. 
July  31,  1902. 


a00et6. 

£     8.  d.        £      8.    d. 

Balance  at  Bank,  Current  Account         487  11  1 

.,  .,  Deposit  Account         1,644  18  6 

,,        in  Cashier *!«  hands  50    6     1 


2.082  15     7 


Subscriptions  for  the  Year  ending  July  31,  1901,  Unpaid — 
South  Staffordshire  and  East  Worcestershire  Institute 
of  Mining  Engineers       15     4    0 

Subscriptions  for  the  Year  ending  July  31,  1902,  Unpaid — 
Federated — 

Midland  Counties  Institution  of  Engineers     15     4     0 

Midland  Institute  of   Mining,  Civil  and    Mechanical 

Engineers 

Mining  Institute  of  Scotland       

North  of  England  In.Htitute  of  Mining  and  Mechanical 

Engineers 

North  Staffordshire  Institute  of  Mining  and  Mechanical 

Engineers 

South  Staffordshire  and  East  Worcestershire  Institute 

of  Mining  Engineers      


6  13 

0 

11  8 

0 

69  7 

0 

15  4 

0 

48  9 

U 

166  5  0 

Local  Publications  and  Authors*  Copies,  Unpaid — 

South  Staffordshire  and  East  Worcestershire  Institute 
of  Mining  Engineers      0  15 

Transactions  Sold,  Unpaid — 

The  Institution  of  Mining  Engineerrt     

North  of  England  Institute  of  Mining  and  Mechanical 

Engineers 

North  Staffordshire  Institute  of  Mining  and  Mechanical 

Engineers 

South  Staffordshire  and  East  Worcestershire  institute 

of  Mining  Engineers      

Ad vertizements,  Unpaid         


4  13  6 

a  0  u 

5  6  8 

6  6  8 

19  6  10 
395  2  8 

£2,079     9     3 


16  TBAM8A.CTI0N8. 

BOOKS,  Etc.,  ADDED  TO  THE  LIBRARY. 

African  Review,  London.     Vol.  zxviii.,  Nos.  461  and  462;  vol.  zzix.,  Nos.  463- 

475 ;  vol.  XXX.,  Nos.  476-488  ;  vol.  xxxi.,  No5.  489-501 ;  and  voL  xxxiL,  Nos. 

602-511. 
Annales  dea  Mines  de  Belgique,  Bruxelles.     VoL  vi.,  No.  4;  and  voL  viL,  Nos. 

1-3. 
Australasian   Institute  of    Mining    EngineerSi   Melbourne.      Transactions,   vol. 

viii.,  No.  h 
British  Association  for  the  Advancement  of  Science,  London.      Keport  of  the 

Seventy-first  Meeting,  held  at  Glasgow,  in  September,  1901.     Demy  octavo, 

cxx.,  900  and  114  pages. 
British  Society  of  Mining  Students,  Medomsley.     Journal,  vol.  xxiv.,  Nos.  1-6. 
Chemical  and  Metallurgical  Society  of  South  Africa,  Johannesburg.      Journal, 

vol.  ii..  No.  9  ;  and  vol.  iil,  Nos.  1  and  2. 
Cory  Brothers  k  Company,  Limited,  Cardiff.     British  Coal  and  Freight  Circalar 

and  General  Export  List,  August  31st,  1901,  to  July  31st,  1902. 
Engineering  and  Mining  Journal,  New  York   City.      Vol.   Ixxii.,  Nos.    10-26; 

vol.  Ixxiii.,  Nos.  1-26;  and  vol.  Ixxiv.,  Nos.  1-8. 
Engineering  Times,  London.     Vol.  vi.,  Nos.  3-6;  vol.  vii.,  Nos.   1-6;  and  vol. 

viii.,  Nos.  1-3. 
Franklin  Institute  of  the  State  of  Pennsylvania,   Philadelphia.      Journal,  vol. 

clii.,  Nos.  4-6;  vol.  cliii.,  Nos.  1-6;  and  vol.  cliv.,  Nos.  1  and  2. 
Institution  of  Mining  and  Metallurgy,  London.     Transactions,  vol.  ix. 
Manchester  Geological  Society,  Manchester.     Transactions,  vol.  xxvii.,  Nos.  6-9. 
Massachusetts  Institute  of  Technology,  Society  of  Arts,   Boston.      Technology 

Quarterly,  vol.  xiv.,  Noa.  3  and  4  ;  and  voL  xv.,  Nos.  1  and  2. 
New  South  Wales,  Department  of  Mines,  Sydney.     Annual  Report,  1000. 
— ,  Geological  Survey,  Sydney.     Handbook  to  the  Mining  and  Geological  Mnseuni, 

Sydney,  with  Special  Reference  to  the  .Mineralogical  Collections,  by  George 

W.  Card.     Demy  octavo,  201  pages. 
-  -,  — ,  — .     Memoirs,  Geological  Series,  No.  2. 
— ,  — ,  — .     Mineral  Resources,  Nos.  9  and  10. 

,  — ,  — .     Records,  vol.  vii..  No.  2 
New  Zealand,  Department  of  Mines,  Wellington.     Annual  Report,  1901. 
— ,  — ,  — .     Report  of  the  Royal  Commission  appointed  to  Inquire  and  Report  on 

the   Working  of  the   Coal-mines  of  New  Zealand,    1901.      Foolscap  folio^ 

339  pages. 
Queensland,  Department  of  Mines,  Brisbane.     Annual  Reports,  1900  and  1901. 
— ,  Registrar-generars  Department,   Brisbane.     The  Queensland  Oflicial   Year- 
book, 1901.     Demy  octavo.  425  pages. 
Queensland  Government  Mining  Journal,  Brisbane.     Vol.  ii.,  Nos.  15-19  ;  and  vol. 

iii.,  Nos.  20-25. 
South  Wales  Institute  of  Engineers,  CarditT.     Transactions,  vol.  xxiL,  Nos  5-8. 
United  States,  Geological  Sur\'ey,  Washington.     Annual  Report,  1899- 1900,  parts 

L,  ii.,  iii.,  iv.,  v.  (with  volume  of  maps),  vi.,  vi.  continued,  and  vii. 
— ,  — ,  — .     Reconnaissance  in  the  Cupe  Nome  and  Norton  Bay  Regions,  Alaska, 

in   1900,   by  Alfred  H.  Brooks,  George  B.  Richardson,  Arthur  J.  Collier  and 

Walter  C.  Mendenhall.     Imperial  octavo,  22  pages. 
~,  — ,  — .     The  Geolog>'  and  Mineral  HiMources  of  a  Portion  of  the  Copper  River 

District,   Alaska,   by   Frank    Charles    Schrader    and  Arthur  Coe  Spenoer. 

Imperial  octavo,  94  pages. 


TRANSACTIONS.  17 

ATictoria,  Department  of  Mines,  Melbourne.     The  Ciold-fielda  of  Victoria,  Monthly 

Returns,  July,  1901,  to  March,  1902. 
'W'alker,  Sydney  F.     Coal-cutting  by  Machinery  in  the  United  Kingdom.     Excerpt 

from  the  Colliery  Guardian      Crown  quarto  144  pages. 


EXCHANGES. 

Annales  des  Mines  de  Belgique. 
Australasian  Institute  of  Mining  Engineers. 
British  Association  for  the  Advancement  of  »Science. 
British  Society  of  Mining  Students. 
^Canadian  Mining  Institute. 

Chemical  and  Metallurgical  Society  of  South  Africa. 
Franklin  Institute  of  the  State  of  Pennsylvania,  U.S.A. 
^Geological  Institution  of  the  University  of  Upsala,  Sweden. 
'Institution  of  Mechanical  Engineers. 
Institution  of  Mining  and  Metallurgy. 
*Lake  Superior  Mining  Institute. 
Manchester  Geological  Society. 
Massachusetts  Institute  of  Technology. 
^Mining  Society  of  Nova  Scotia,  Canada. 
•  Natal,  Geological  Survey  of  the  Colony  of. 

New  South  Wales,  Department  of  Mines  and  Agriculture,  Geological  Survey. 
•Revue  Universelle  des  Mines,  de  la  iMetallurgie,  etc. 
South  Wales  Institute  of  Engineers. 
♦Transvaal,  Department  of  the  Mining  Commissioner. 
United  States  Geological  Survey. 

*  No  publications  received  during  current  year. 
July  Zl^,  1902. 


The  meeting  then  divided  into  two  sections  for  the  reading  and 
discussion  of  papers.  Sir  Lindsay  Wood,  Bart.,  presided  over 
one  section,  and  Mr.  J.  S.  Dixon  over  the  other  section  of  the 
members. 


Prof.  G-.  A.  Lebour's  paper  on  **  The  Marl-slate  and  Yellow 
Sands  of  Northumberland  and  Durham,''  was  read  as  follows  :  — 
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THE  MARL-SLATE  AND  YELLOW  SANDS  OF 
NORTHUMBERLAND  AND  DURHAM. 


By  Prop.  O.  A.  LKBOUR,  M.A.,  M.Sc.,  F.G.S. 


The  Permian  rocks — or,  to  speak  more  cautiously,  the  rock« 
which  are  newer  than  the  Carboniferous  and  older  than  the  Trias — 
in  the  North-east  of  England  possess  many  peculiarities  which 
distinguish  them  from  deposits  of  the  same  age  in  the  Midlands, 
and  which  differentiate  them  still  more  from  those  of  Westmor- 
land and  Cumberland.  Much  controversy  has  from  time  to  time 
taken  place  as  to  the  true  limits  of  that  system,  both  upper  and 
lower,  in  this  region.  Recently,  moreover,  a  great  deal  of  careful 
geological  work,  official  as  well  as  non-official,  has  shown — especi- 
ally in  the  central  coal-fields  of  England — that  much  of  the  forma- 
tions formerly  regarded  as  Pormiaii  has  no  right  to  the  title,  but 
belongs  to  the  Coal-measure  division  of  the  Carboniferous.  It 
appears  to  the  writer,  therefore,  that  it  may  be  useful  to  take 
stock  of  the  present  state  of  our  knowledge  respecting  those  por- 
tions of  the  rocks  in  question  which  occur  beneath  the  main  mass 
of  the  system  as  it  is  developed  in  Northumberland  and  Durham, 
and  constitute,  in  fact,  its  basement-beils. 

The  **  main  mass  "  of  the  Permian  referred  to  in  the  last  para- 
graph is,  of  course,  the  Magnesian  Limestone,  a  very  fit  subject 
for  discu8sion,  but  one  which,  in  the  present  paper,  it  is  proposed 
to  touch  upon,  only  in  so  far  as  it  must  be  considered  in  connexion 
with  the  beds  which,  normally,  lie  beneath  it.  These  beds  are 
the  Marl-slat^  and  the  Yellow  Sands,  and  their  general  position 
in  the  geological  series  is  best  expressed  in  tabular  form  aa 
follows :  --- 

Permian  : 

Magnesian  Limestone. 

Marl-slate. 

Yellow  Siinds. 

(Unconfoniiily). 
('arl)oniferouH : 

Coal-measures. 
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The  Yellow  Sands. — In  former  days,  the  individuality  of  this 
very  peculiar  deposit  was  most  unfortunately,  but  very  naturally, 
misunderstood.       It  was  so  frequently  seen  lying  upon  red  or 
mottled    sandstone,    the    appearance    of    which    was    decidedly 
Permian,  that  the  two  were  looked  upon  as  a  single  group  and 
the  Yellow  Sands  merely  as  its  upper  part.     This  view  was  the 
inore  readily  entertained  as  it  enabled  a  close  correspondence  to 
he  recognized  between  that  portion  of  the  stratigraphical  column 
in  England  and  in  Germany.     Thus  the  following  erroneous  cor- 
relation was  adopted :  — 

Magnesian  Limestone  Zechstein. 

Marl-slate  Rupferschiefer. 

^^l^o^^*"*^     -iLower  New  Rc(l  Sandstone  ...  Rothliegendes. 

Red  Sandstone ...  J  * 

It  is  true  that  it  was,  almost  from  the  first,  noted  that  the 
plant-remains  which  were  found  in  the  Red  Sandstone  were  such 
as  are  also  found  in  the  Coal-measures,  and  not  in  any  way 
characteristically  Permian.  This  point  was,  however,  made  light 
of,  and  regarded  as  an  indication  that  the  physical  break  between 
the  Carboniferous  and  Permian  was  one  of  no  great  importance. 

As  the  country  became  more  and  more  accurately  surveyed,  it 
became  at  last  clear  that  though  the  Yellow  Sands  were,  when 
present  at  all,  always  in  the  same  stratigraphical  position,  that  is, 
beneath  the  Marl-slate,  this  was  not  the  case  with  the  Red  Sand- 
stone. The  latter,  in  fact,  was  at  last  seen  to  be  beneath  instead 
of  above  the  denuded  surface-plane  upon  which  rocks  newer  than 
the  Coal-measures  had  been  piled  up.  Their  un -Permian  flora 
was  thus  explained,  since  these  red  beds  were  in  truth  themselves 
of  Coal-measure  age.  Moreover,  their  apparent  conformity  with 
the  overlying  deposits  was  found  to  be  entirely  deceptive. 
Although  the  beds  next  below  the  Yellow  Sands  were  usually  red 
or  mottled,  it  was  by  degrees  proved  that  they  were  only  here  and 
there,  and  accidentally,  in  parallel  stratification  with  the  sands, 
and  that  almost  as  frequently  they  lay  beneath  them  with  dis- 
cordant dips.  It  follows  that  they  are  not,  as  at  first  seemed 
obvious,  always  the  same  strata,  but  represent  various  horizons  of 
the  Coal-measures  which  assume  a  red  or  mottled  colour  generally 
increasing  in  intensity  as  they  approach  the  plane  of  erosion.  A 
strong,  perhaps  the  strongest,  confirmation  of  this  view  is,  that 
of  the  many  faults  which   dislocate  the  Coal-measures  in  the 
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Permian  area  of  Durham  the  greater  number  affect  these  stained 
beds  and  leave  the  overlying  sands  unbroken.  The  Bed  Sand- 
stone division  may  now,  therefore,  be  dismissed  from  the  Permian 
system  altogether,  though  it  probably  will  be  long  before  all  text- 
book writers,  many  of  whom  seem  doomed  to  perpetuate  error, 
will  realize  this. 

Thr  Floor, — The  floor  then,  upon  which  the  Permian  rocks 
of  the  North-eastern  counties  rest,  is  a  surface  of  erosion  paved  by 
the  stain e<l  edges  of  denuded  Carboniferous  rocks.  What  ihat 
surface  was  like  at  the  beginning  of  Permian  times  can  be  inferred 
more  or  less  satisfactorily :  (1)  By  considering  the  form  of  the 
land  beyond  the  present  Permian  outcrop,  where  it  is  not  covered 
by  Glacial  Drift  and  later  superficial  deposits,  and  allowing  for 
the  additional,  and  often  profound,  sculpturing  which  it  has 
undergone  since  the  removal  of  its  Permian  covering;  and  (2)  by 
investigating  the  unaltered  contours  of  that  surface  as  it  remains 
at  the  present  day,  buried  beneath  the  Permian  series  of  rocks. 

The  first  line  of  investigation  is  of  indirect  value  only.  The 
evidence  to  be  examined  is  so  meagre,  so  much  has  been  obliter- 
ated. Yet  it  leads  to  the  belief  -confirmed  in  other  ways — that 
the  floor  formed  a  broad  sloping  plain  of  quite  low  gradient  and 
but  slightly  undulating,  reaching  from  what  is  now  the  Permian 
outcrop  to  somewhere  between  the  1,000  feet  and  the  1,500  feet 
contours  on  the  eastern  flank  of  the  Pennine  heights. 

The  second  metlunl  gives  results  of  certiiinty  so  far  as  they 
go,  but  these  results  are  only  attainable  by  borings  and  sinkings. 
Every  record  of  a  sinking  or  boring  through  the  junction  between- 
the  Permian  rocks  and  the  bcMls  beneath  them,  like  a  sounding 
in  the  ocean,  yields  a  truthful  item  or  <latum  towards  the  con- 
struction of  a  coiitourefl  map  of  this  ancient  floor.  The  number 
of  such  sections  is  scarcely  large  enough  to  enable  us  yet  to  draw 
up  a  very  full  chart  (»f  tins  kind,  but  their  number  is  increasing 
yearly,  and,  with  the  aid  of  the  invaluable  vcdumes  of  Borings  and 
Sinkinf/^  publishcMi  by  the  Xorth  of  England  Institute  of  Mining 
and  Mechanical  Engineers,  the  attempt  is  well  worth  the  atten- 
tion of  some  of  tlie  younger  and  more  leisured  members.  At  any 
rat<\  such  information  as  is  obtainable  in  this  way  tends  to  prove 
that  the  flcKir  is  simply  a  continuation  of  the  one  inferred  above  as 
4>nce  existing  to  the  west,  namely  :  -  -A  jrently  sloping  surface  with 
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no  hills  or  dales  of  any  size,  though  not  by  any  means  perfectly 
plane,  and  dipping  gradually  beneath  the  present  bed  of  the 
Xorth  Sea. 

The  Physical  Break  in  Terms  of  Time. — It  is  neoeasary  to 
pause  here  in  order  to  draw  attention  to  the  meaning,  in  geological 
chronology,  of  the  gap  in  the  succession  of  deposits  repiesented 
by  this  floor  of  erosion  or  unconformity,  in  order  that  its  import- 
ance may  be  gauged.  In  years,  or  centuries,  or  tens  of  centuries, 
we  cannot  guess  what  it  represents,  but  a  brief  enumeration  can 
be  made  of  some  of  the  more  notable  events  which  undoubtedly 
took  place  during  that  time-gap.     Briefly  they  are  as  follows  : 

(1)  That  portion  of  the  Coal-measures,  which  now  is  no  longer 
present,  was  deposited  bed  by  bed  and  seam  by  seam.  How  many 
feet  of  rock  this  may  have  been  we  do  not  know,  but  as  there  is 
every  reason  to  suppose  that  there  are,  in  this  district,  none  of  the 
beds  known  in  some  other  coal-fields  as  the  Upper  Coal-measures,* 
the  thickness  is  probably  great. 

(2)  The  broad,  flat  and  enormously  thick  series  of  Carboni- 
ferous rocks  having  been  completed,  vast  earth -movements 
occurred  in  the  form  of  great  parallel  anticlinal  folds  with  inter- 
vening synclinals,  one  set  running  approximately  north  and  south 
(of  which  the  Pennine  saddle  or  "  backbone ''  is  one  of  the  best 
standing  witnesses)  and  another  approximately  east  and  west. 
The  uppermost  Carboniferous  beds — the  Coal-measures — were 
thus  deformed  into  alternate  domes  and  depressions.  Faulting 
accompanied  this  folding. 

(3)  All  the  upper  strata  were  exposed  to  long-continued 
<Ienudation  which,  with  greater  or  less  regularity,  removed  huge 
portions  of  the  rocks  forming  the  domes  above  mentioned,  eroding 
them  in  places  so  as  to  uncover  rocks  even  earlier  than  the  Lower 
Carboniferous,  and  smaller  portions  of  the  more  protected  beds 
in  the  hollows,  the  remains  of  which  are  our  present  coal-fields. 

When  the  denudation  last  referred  to  had  reached  the  point 
at  which  the  Coal-measures  that  are  now  covered  by  younger 
rocks  still  stand,  the  earliest  deposits  of  the  next  system,  the 
Permian,  began  to  accumulate  upon  the  floor  prepared  for  them 
by  these  various  phenomena,  denudation  going  on,  however,  as 

*  Though,  as  a  matter  of  convenience,  it  is  the  custom  to  chII  the  beds,  from 
the  High  Main  seam  upward,  by  tlmt  name. 

VOL.  LIII.-IMS-IMR.  ^ 


22  MARL-SL.A.TK    AND    YELLOW    SANDS. 

it  has  gone  on  ever  since,  wherever  no  such  deposits  were  form- 
ing, as  in  the  higher  ground  along  the  Pennine  ridge,  for 
instance. 

The  first  deposit  thus  to  accumulate  was  the  one  known  as 
the  Yellow  Sands.      It  is  a  most  peculiar  rock.      As  its  name 
denotes  it  is  a  sandy  mass,  the  grains  of  which  are  often  so  loosely 
held   together   as   to   (^rumble   in   the   fingers,   often,   however, 
cemented  together  by  carbonate  of  lime,  sometimes  almost  as 
compact  and  coherent  as  a  typical  grit  or  sandstone.     But  it  is 
not  gritty  in  the  true  sense ;  that  is,  its  grains  are  not  angular  bits 
of  (juartz  bounded  by  irregular  or  conchoidal  fractures.       The 
grains,  which  are  of  moderate  size,  often  quite  coarse,  are  almost 
invariably  well  rounded.     They  are  exactly  similar  to  grains  of 
desert  sand,  wind- worn  and  unprotected  from  attrition  by  a  film 
of  moisture  such  as  helps  to  preserve  the  sand-grains  of  a  sea- 
bottom  or  of  a  beach.     Then  the  Yellow  Sands  are  false-bedded 
in  the  highest  degree,  and  false-bedded  exactly  in  the  manner 
exhibited  by  sections  in  the  dunes  of  deserts.     They  contain  no 
fossils,  or  at  least  none  which  may  not  have  been  derived  from 
earlier  formations,  such  as  fragments  of  Coal-measure  plants. 
They  are  probably  nowhere  much  more  than  100  feet  or  so  in 
thickness,  often  only  a  few  feet  thick  and  sometimes  altogether 
wanting.     Tliev  fill  up  the  shallow  depressions  of  the  denudation- 
surface  on  which  tlicy  Ho,  and  their  base-line  necessarily  follows 
the  irregularities  of  that  surface.     Here  and  there,  as  has  already 
been  said,  the  bed  is  a  cemented  and  fairly  compact  stone,  but  the 
writer  believes  that  this  state  is  merely  due  to  the  local  leaching 
downwanls  of  carbonate  of  lime  frOni  the  tliick  overlying  lime- 
stones, and  that  the  loose  tyi>e  is  the  normal  state  of  the  Yellow 
Sands.     In<leed,  were  it  not  for  its  unsuitability  as  regards  the 
exceptionally  coherent  portion  of  the  deposit,  the  term  "  quick- 
sands''  might  very  well  be  applied  to  the  whole  formation  as, 
indeed,  it  is  in    Yorkshire  and   Xottinghnnishire.        The  upper 
surface  of  the  Sands   is  much   more   regular  than   the  bottom, 
although  the  great  variations  in  thickness  and  occasional  absence 
of  the  beil  have  led  many  to  suppose  tluit  the  very  opposite  of  this 
is  the  case.     The  state  of  things  as  regards  the  nuxle  of  occur- 
rence of  the  deposit  and  its  relations  to  the  rocks  above   and 
luMieath  will  be  bi»st  understood  by  a  glance  at  Fig.  1,  whi<  h  is 
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meant  to  represent  an  ideal  section  parallel  with  the  strike  of  the 
Permian  strata. 

It  appears  to  the  writer  that  the  claim  of  the  Yellow  Sands 
to  be  regarded  as  the  basement-bed  of  the  Permian,  where  they 
occur,  is  exactly  analogous  to  that  of  the  conglomerate,  which  (in 
Kibblesdale  and  along  the  Pennine  escarpment)  lies  on  the  edges 
of  the  denuded  Silurian  and  Ordovician  rocks  and  beneath  the 
Mountain  Limestone,  to  be  considered  the  baaement-bed  of  the 
Carboniferous  in  those  regions. 


Fio.  1.  -References  :  R,  Stained  Coal-measures,  the  Red  Sandstone  of  early 
writers ;  Y,  Yellow  Sands ;  R  and  Y  together  represent  the  Rothliegendes  of 
fwly  writers  ;  and  M,  Marl-slate. 

As  to  the  nature  of  their  origin,  it  is  perhaps  allowable  to 
<liifer.     The  late  Sir  Andrew  C.  Ramsay  in  1871  wrote :  — "  The 
Yellow  Sands  at  the  base  of  the  limestone-beds  are  generally  a 
residue  of  sand.     The  limestone,  which  is  often  sandy,  rests  on 
shale,  which  is  comparatively  impermeable  to  water.     The  lime- 
stone dips  east ;  the  carbonate  of  lime  has  been  carried  away  in 
solution  as  bicarbonate  ;  and  the  sand  remains.''*     It  is  sufficient 
to  state,  in  opposition  to  this  view,  that  the  grains  of  sand  which 
are  sometimes  present  in  the  Magnesian  Limestone  are  quite 
unlike  those  of  the  Yellow  Sands  in  character,  and  that  where 
such  grains  are  most  plentiful  they  yet  form  so  very  small  a  per- 
centage of  the  limestone  that  a  bed  such  as  that  now  being  dealt 
with  would,   if  a  residue,  represent  a  vanished  mass  of  lime- 
stone greater  than  all  that  is  left  in  the  overlying  divisions  of  the 
Permian — so  great  as  to  be  scarcely  conceivable.     In  1890,  the 
late  Mr.  R.  Howse,  than  whom  none  was  more  familiar  with  the 
question,  suggested  that  the  deposit  **  may  have  been  an  Eolian 
accumulation  of  sand     ....     before  the  Magnesian  Lime- 
stone began  to  be  thrown  down,''t  and  with  this  view  the  present 
writer  is  disposed  to  agree.     If  this  windblown  mode  of  accumu- 

♦  *'0n  the  Red  Rocks  of  England  of  Older  Date  than  the  Trias,"  Quarterly 
JtmmaJ  of  the  Geological  Society  of  London,  1871,  vol.  xxvii.,  page  245. 

t  **  Catalogue  of  the  Local  Fossils  in  the  Museum  of  Natural  History,'' by 
Mr.  Richard  Howse,  Natural  HiMtory  TranMacHons  of  Northumlyerland,  Durham 
and  Ntwcn^lt-upon-Tyney  1890,  vol.  x.,  page  252. 
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lation  be  the  true  one,  it  follows  that  only  imperfect  conformity  i» 
to  be  expected  between  the  sands  and  the  Marl-slate,  and  here 
again  the  facts  are  in  accord  with  the  theory. 

As  the  Yellow  Sands  are  now  seen,  there  are  some  marke<l 
features  which  are  obviously  of  later  origin  than  the  sands  them- 
selves. These  are  especially  the  results  of  the  segregation  of  car- 
bonate of  lime,  when  that  happens  to  be  abundant,  in  thick  or  thin 
irregular  anastomosing  veins  or  ribs  such  as  those  so  strikingly 
exhibited  in  Cullercoats  Bay,  and  in  more  or  less  spherical  con- 
cretions such  as  are  also  common  in  the  same  place  and  elsewhere. 
If  a  fragment  of  one  of  these  ribs  or  of  one  of  the  concretionary 
knobs  is  suspended  in  a  vessel  full  of  acidulated  wnter,  the  cement- 
ing calcium  carbonate  soon  dissolves  away  and  the  rounded  grains 
of  quartz  are  freed  and  fall  to  the  bottom.  The  veins  or  ribs  play, 
in  places,  a  rather  important  and  not,  the  writer  believes,  a  very 
generally  recognized  part  in  c^cmnexion  with  the  flow  of  water 
through  the  Sands. 

So  loosely  compacted  a  deposit,  lying  as  this  one  does  betwcM»n 
rcwks  of  much  closer  texture,  is  natuinilly  water-bearing  in  the 
highest  degree,  and  this  property  has  long  been  tumetl  U)  use- 
ful purpose  for  water-supply.  Its  utility  is,  however,  counter- 
balanced by  its  evil  consecjuences  in  mining  operations.  It  has 
more  than  once  been  noticed  that  the  flow  of  water — into  borings, 
for  instance,  or  into  galleries  driven  to  tap  the  water — ^has  be<Mi 
consiilerably  less  than  the  extent  and  thickness  of  the  water- 
hohling  bed  had  led  one  to  expect.  It  is  the  opinion  of  the  writer 
that  this  is  sometimes  due  to  the  presence  of  ribs  such  as  those 
above  referred  to.  Where  they  are  abundant  they  tend  t<»  form 
obstructions  to  the  natural  flow  of  the  water  within  the  bed  and, 
locally,  to  se])arate  the  latter  into  more  or  less  completely  dammed- 
in  <*oinpartment.s  or  chambers.  When  one  such  reservoir  haj* 
been  pumped  dry,  or  partly  so,  its  refilling  from  the  adjoining 
water-holding  sandy  risterns  is  impeded,  accoiiling  as  the  ribs 
forming  its  walls  act  as  perfect  barriers  to  the  circulation,  or,  as 
is  more  usually  the  case,  only  as  partial  barriers  through  which 
the  water  is  filtered  but  slowly.  Several  case's  of  anomalous 
water-supply  failures,  or  semi-failures,  can  be  accounted  for  in 
this  way. 

Another  point  connected  with  the  Yellow  Sands  as  a  water- 
bed  is  deserving  of  menticm  and  is,  the  writer  thinks,  new  and  o! 
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some  importance  as  regards  the  present  enquiry,  inasmuch  as  it 
may  hfjip  to  explain  some  of  the  irregularities  of  thickne^B  which 
are  ampng  t^heir  mo^t  ren^arkahle  characters.  It  is  this :  Where- 
ever  the  Yellow  Sands  crop  out  at  the  foot  of  an  escarpment  of 
Magnesian  Limestone  (their  usual  mode  of  occurrence  at  the 
surface)  and  where  this  outcrop  is  not  completely  covered  up,  and 
consequently  sealed,  hy  Boulder  Clay,  natural  springs  issue.  The 
writer  has  noticed  that  where  such  springs  have  been  long  undis- 
turbed and  where  the  Sands  from  which  they  issue  are  of  the 
incoherent  or  quicksand  type,  there  occurs  below  the  spring-mouth 
under  favourable  conditions  quite  a  small  flattish  **  cone  of  dejec- 
tion ''  of  sand  which  has  obviously  been  brought  by  the  spring 
current  from  within  the  rock.  In  most  cases,  of  course,  such  sand 
is  removed  to  lower  ground  by  streams,  but  by  careful  observa- 
tion it  can  be  shown'  that  a  considerable  amount  of  sand  has  in 
the  course  of  time  been  carried  away  from  its  original  stratum, 
though  no  doubt  at  irregular  intervals.  In  this  way,  then,  it  is 
thought  that  the  subterranean  erosion  which  has  gone  on  for  so 
long  must  have  extensively  altered  the  distribution  of  the  sand 
within  the  beds.  From  this  it  follows  that,  as  some  of  the  matter 
is  removed  from  the  lower  portions  of  the  Sand&,  these  must,  here 
and  there,  become  less  able  to  support  the  upper  layers  of  the  de- 
posits which  may  thus  in  time  be  let  down  as  well,  occasionally,  as 
portions  of  the  overlying  Marl-slate  or  Magnesian  Limestone.* 
Some  of  the  inequalities  observed  in  certain  localities  at  the  base 
of  the  Marl-slate  may,  therefore,  be  due  to  agencies  at  work  long 
after  the  deposition  of  that  stratum  and,  consequently,  be  no  evid- 
ence of  original  discordance  of  stratification  between  that  forma- 
tion and  the  Yellow  Sands.  For  it  should  be  clearly  understood 
that  though  the  Sands  and  the  Marl-slate  each  lie  upon  a  floor 
which  is  sometimes  very  uneven,  yet  the  nature  of  the  junction  is 
essentially  different.  The  Sands  are  thickest  in  the  hollows  of 
their  floor,  but  the  Marl-slate  is  not  thicker  where  the  surface 
upon  which  it  lies  is  a  depression  than  elsewhere.  As  the  late 
W,  Hutton  remarked,  many  years  ago,  of  a  section  then  visible  in 
Kough  Dean,  Houghton-le-Spring,  the  slaty  limestone  (or  the 

*  For  accouDts  of  similar  action  in  drift-deposits,  see  Prof.  G.  A.  Lebour, 
.Vd/iira/  Hifdory  Tran^actimn*  of  yorthnmherhind,  Durliam  and  Newca^th-Hpon- 
Tynt,  1893,  vol.  xi.  page  191;   and  Blake's  Annals  of  British  (holor^y  for  1893, 


pages  liL  and  12 ;  and  Mr.  Wm.  Shone,  Quarterly  Jaurtml  of  the  (leo/ogical  Soi-iety 
qtJjondon,  1892,  vol.  xlviii.,  page  96;  and  Otofogiral  Magaziiiey  1893,  decade  3, 
vol.  X.,  page  323. 
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Vut.  2.  — DiACllAM  SHEWING  THE  MaKL- 
8LATE  A  DA  IT  I  NO  ITSELF  TO  THK  IrRK(JU- 
LARITIES  OF  THE  FU)OR  BENEATH  IT. 


Marl-slate)  is  there  seen  **  resting  upon  the  Sand,  sometimes  in  j^ 
very  uneven  line,  the  limestone  appearing  to  bend  round  and  con^ 
form  itself,  to  the  inequalities  of  the  Sand."*  Figs.  2  and  3  explain 
what  is  meant.  The  basins  holding  the  sands  were,  in  fact,  in  all 
ca^es  pre-existent ;  those  holding  the  Marl-slate  are  many  of  them 
subsequent  to  its  deposition.  That  it  is  advisable  to  lay  stress 
upon  this  point  is  proved  by  the  inability  which  some  authors  have 
shown  to  distinguish  between  the  great  unconformity  at  the  base 
of  the  Sands  and  the  merely  apparent  or  **  contemporaneous  " 
unconformity  between  them  and  the  Marl-slate.t 

Before  leaving  the  Yellow 
Sands,  it  may  be  useful  to 
give  some  analyses  showing 
their  chemical  composition, 
as  tliat  composition  has 
a  notable  bearing  upon 
the  quostion  of  the  origin 
of  the  Sunds  and  of  the  cause  of  the  staining  of  the  Red  Beds 
beneath  them.  The  analyses  are  selected,  from  a  number  pub- 
lishe<l  in  18(l(),  by  Messrs.  Browell  and  Kirkby,  so  as  to  exhibit 
the  great  variation  in  the 
percentage  of  carbonate  <>f 
lime  which  may  exist  in  the 
smds  in  even  neighbouring 
localities.  A  is  a  more  solid 
variety,  owing  to  the  amount 
of  calcareous  ce  men  ting- 
matter  present,  13  is  of  the  more  usual  incoherent  kind;  and  both 
are  from  Ryhope  colIier5^ 

*  ** Notes  on  the  New  Reil  Sandstone  of  the  County  of  Durham  below  the 
Ma^iesian  Limestone,"  by  Mr.  Wm.  Hiitton,  TnnisficfivnM  of  On  Xatm'n/  fliffort/ 
Sonety  of  XorfhumUt-ffiiui^  Durham  nitd  X*  ttra^fft:-u}x)H-Tynt'^  1830-1831,  vol.  i., 
page  65. 

t*'The  Permian  Formation  in  the  North-east  of  England,"  by  Mr  E. 
Wilson,  Mul/mtd  XatumUMt,  1881,  pages  97-101,  1-21-1*24,  187-191,  201-208.  Re- 
ferring to  tlie  (^uickwmd  division  of  the  Permian,  it  will  surprise  Durham  miners 
to  tinu  Mr.  WiUon  saying  :  *'  It  is  not  certain  that  this  rock  is  present  in  Durham. 
The  unconnolidated  sand-rocks  that  are  so  freijuently  seen  beneath  the  Magnesian 
Limentone  in  that  county  are  now  pro[>erly  classed  with  tlie  Carboniferous  system. 
It  is  doubtful  whether  it  has  been  met  with  in  any  of  the  coUierv-shafts,  sunk 
through  the  limestone "  ([)age  101);  and  again,  H^>eaking  of  the  Marl-slate,  he 
says :  **  The  rapid  fluctuations  of  these  beds  are  evidently  owing  to  their  rest-ng 
on  an  uneven  floor  of  Car1x>niferous  rocks.**  It  is  curious  to  noti*  that  Mr.  WiUon 
has  quite  clearly  r<*alize<l  the  Permian  age  of  the  *' Quicksands "  of  Yorkshire, 
where  they  are  far  less  markedly  develoiK'J  than  they  are  in  Durham. 
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A. 

B. 

Carbonate  of  lime 

20-48 

0-39 

Carbonate  of  magnesia 

1-52 

— 

Oxide  of  iron  and  alumina 

616 

10-20 

Silica,  soluble  in  dilute  aci<l 

016 

— 

Sand,  clay,  etc 

72-88 

89-33 

Water 

— 

0-47 

In  some  cases,  the  iron  oxide  is  as  low  as  1*28  per  cent.* 

The.  Marl  Slate, — Already  a  good  deal  has  been  said  respecting 
tlis  early  calcareous  member  of  the  Permian,  in  considering  its 
usual  precursor — ^the  Yellow  Sands.     The  general  mode  of  junc- 
tion between  the  two  beds  has  been  explained.     It  must  now  be 
added  that  there  are  other  modes  displayed  in  certain  localities. 
Xi  Tynemouth,  for  instance,  the  Marl-slate  is  separated  from 
the  sands  by  a  bed  of  massive  Magnesian  Limestone  of  the  same 
character  as  that  above,  on  which  the  Prior^^  stands.     At  Culler- 
coats,  a  few  thin  beds  of  Magnesian  Limestone  occur  in  the  upper- 
most portion  of  the  Yellow  Sands  heralding  the  Marl-slate,  as 
it  were.     At  Claxheugh,  the  **  Slate  "  suddenly  comes  to  an  end  at 
the  eastern  extremity  of  the  exposure,  and  its  place  is  taken  by 
massive  Magnesian  Limestone. t    These  three  sections  exhibit  the 
less  usual  relations  of  the  two  deposits. 

On  the  whole,  the  Marl-slate  may  be  described  as  a  thin  and, 
considering  its  thinness,  a  remarkably  persistent  and  characteristic 
set  of  flaggy  greyish,  bluish,  brownish,  sometimes  even  blackish 
limestones  and  shales  equally  distinct  from  the  Magnesian  Lime- 
stone on  the  one  hand  and  from  the  Yellow  Sands  on  the  other.  It 
is  certainly  a  marine  deposit,  since  it  contains  such  shells  as 
Nautilus  Freiesleheniy  Lingula  Credneri,  Discina  Konincki,  and 
Myalina  Hausmanni,  that  is  to  say  a  Cephalopod,  Brachiopods, 
and  a  Lamellibranch,  but  these  fossils  are  exceedingly  scarce,  and 
in  the  same  beds  have  been  found  several  kinds  of  remains  of 
land-plants  imperfectly  preserved,  such  as  Neuropteris  Huttati- 
tana,  Caulopteris  (?)  selaginoides,  and  Polysyphonia  (?)  Stern' 
hergiana.  It  is  clear  that,  though  the  beds  were  formed  in  sea- 
water,  they  were  formed  by  no  means  far  from  land,  and  probably 
at  or  very  near  the  mouth  or  estuary  of  a  river,  or  the  mouths 

*  Natural  History  TrauAoctioiis  of  Xorthumherlaml  and  Durham,  1866,  vol  i., 
pages  206  and  207. 

t  An  excellent  explanation  of  the  well-known  but  always  puzzling  section  at 
Claxhengh  has  been  given  by  Mr.  David  Woolacott,  in  the  QnarttHy  Journal  of 
the  QeologicaJI  Society  of  LfOmlon,  1898,  vol.  liv.,  page  14. 
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of  several  streams  bringing  down  the  fern-fronds  and  other  vege* 
table  debris  from  the  Pennine  high  ground. 

But  the  chief  pe(»uliarity  of  the  Marl-slate  is  the  large  number 
of  extraordinarily  complete  and  well  preserved  fishes  which  it  has 
yielded.  Moreover,  these  fishes  are  of  kinds  which  leave  us  in 
doubt  as  to  whether  they  lived  in  salt-water  or  in  fresh-water. 
They  belong  to  sucli  genera  as  Palasoniscus,  Pygoptertis,  Acrolepis^ 
CodacaiUhuSy  Plaiysomus,  the  nearest  existing  rare  analogues  of 
which  now  inhabit  rivers  and  lakes.  Together  with  these  are 
the  remains  of  amphibia  such  as  LepidotosauniSy  and  of  some  true 
reptiles  such  as  Proterosaurus.  We  have  thus  a  fauna  which  is 
the  reverso  of  frankly  marine,  and  at  the  same  time  not  entirely 
fluviatile  or  lacustrine.  The  only  reasonable  inference  seems  to 
bo  that  this  fauna  is  of  an  estuarine  or  lagunal  kind ;  that  is, 
existed  close  to  land  where  the  water  was  probably  brackish,  where 
flooded  rivers  brought  down  creatures  from  purely  inland  waters 
to  become  mixed  with  others  belonging  to  the  marginal  regions  of 
the  sea. 

It  has  been  mentioned  that  the  fish-remains  are  singularly 
perfe<*t.  It  is  also  noti(*eable  that  most  individuals,  as  Mr. 
William  Hutton,  who  first  made  the  obsei*vation,  wrote  "  are  con- 
torte<l :  not  that  sort  of  twisting  which  might  be  produced  by  any 
movement  in  the  mass,  and  subsefjuent  to  the  time  they  were 
enveloped,  but  the  graceful  contortions  of  the  living  animal  in 
a  state  of  pain,  as  if  struggling  against  its  fate.''  Whether  one 
agrees  or  not  with  Mr.  Ilutton  in  regarding  these  petrified  con- 
vulsions as  graceful,  it  must  be  admitted  that  his  conclusion  that 
the  <leatli  of  these  fishes  seems  to  have  been  due  to  some  sudden 
catastrophe  is  a  reasonable  one  sin(;e  **  it  is  a  generally  received 
opinion,  that  where  the  remains  of  soft-bodied  animals  occur,  with 
their  outward  form  perfectly  preserved,  and  associated  in  families 
[groups],  they  have  been  suddenly  overwhelmed,  and  entangled 
ill  the  substance  forming  their  stony  matrix.''*  Such  a  sudden 
overwhelming  is  a  likely  one  under  estuarine  conditions,  or  in 
lagoons  fringing  the  land,  where  oc(*asional  inroads  of  abnormal 
tides  might  cause  <lestru(»tion  amonjr  the  fresh-water  or  even 
brackish-water  creatures  involves!  in  them. 

It  has  been  statcMl  above  that  the  Marl-slate  is  in  some  places 
|)rec<Nled  by  earlier  calcanH)Us  bexls,  and  that  sometimes  even  there 

•  Oji.Jfinl  li/.^  p'igC  71. 
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is  au  alternation  of  sands  and  limestone-bands  beneiith  the  Slate. 
In  such  eases  we  have,  in  fact,  an  actual  passage  from  the  Sands  to 
the  Slate,  so  that  there  is,  at  such  places,  not  even  the  appearance 
of  unconformity  between  the  two.  There  is,  fui-ther,  rare  but 
positive  evidence  of  the  sandy  conditions  not  having  everywhere 
come  to  an  end  before  the  depositioii  of  the  Marl-slate. 

In  the  local  notes,  which  follow,  will  be  found  a  case  or  two 
where  a  bed  of  sand  occurs  above  the  Yellow  Sands.  Such  evi- 
dence should  be  conclusive  as  to  the  close  (connexion  between  the 
Sands  and  the  greiit  Magnesian  Limestone  of  the  Permian,  of 
which  the  Slate  is  but  the  usual  first  stage. 

The  history  of  the  beginnings  of  the  Permian  system  in  North- 
umberland and  Durham,  such  as  it  can  be  gathered  from  the  facts 
already  stated  and  from  the  details  with  which  this  paper  con- 
cludes, seems  fairly  obvious. 

(1)  A  mass  of  sand,  probably  chiefly  derived  from  the  waste 
of  the  Carboniferous  Sandstones  which  formed  so  large  an  area 
of  the  then  land-surface  to  the  west,  occupied  a  broad  tract  of  coast 
from  somewhere  to  the  north  of  Hartley,  in  Northumberland,  to 
Yorkshire  and  still  farther  south,  narrower  in  the  north  than  in 
the  south.  This  sand  was  a  beach  at  the  coast-line  and  a  desert 
of  blowing  dunes  elsewhere.  Rivers,  sluggish  and  probably 
inconstant  (changing  their  course  as  do  the  channels  in  a  delta) 
wound  their  way  to  the  sea  across  this  sandy  tract,  and  added  to 
the  irregularities  of  its  surface.*  The  deposition  of  calcareous 
and  magnesian  mud  in  the  thinly  bedded  layers  which  betoken 
tranquil  deposition  followed,  due  partly  to  silting  from  landwards 
and  from  tidal  irruptions  from  sea-wards  most  probably  in  a  chain 
of  coastal  lagoons.  This  was  accompanied  by  a  downward  move- 
ment of  the  coast-line  and  the  gradual  merging  of  the  lagoons  into 
the  sea  proper  when  the  Magnesian  Limestone,  with  its  curious 
fauna — a  marine  fauna  checked  in  its  existence  by  the  unfavour- 
able chemical  composition  of  the  Permian  sea-water  to  which  the 
rock  owes  its  dolomitic  character — was  depositecl.     This  view  is 

*  The  Jate  I'rof.  A.  H.  (treen  was  of  opinion  that  the  Quicksands  (that  is, 
our  Yellow  Sands)  arc  the  deltas  of  the  streams  which  emptied  themselves  into 
the    inland    sea.  Oto/wjiaif    Magazine ,     1872,     vol.     ix.,    page     101.         The 

entire  absence  of  fossil-remains,  the  form  of  the  grains,  and  the  nature  of  the 
cross-bedding  seem  to  point  rather  to  wind  as  the  final  <}istributor  of  the  sand, 
though  Prof.  (Jreen's  view  may  quite  well  be  accepted  for  their  first  accumulation* 
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strongly  confirmed  by  the  occasional  exceptions  to  the  rule  that 
the  Marl-slate  precedes  the  Magnesian  Limestone  proper  which 
have  already  been  referred  to,  such  exceptions  (where  limestone 
occurs  beneath  the  Slate)  being  obviously  the  result  of  local 
accidental  breaches  of  the  bars  separating  the  lagoons  from  the 
sea. 

A  number  of  detaileil  thicknesses  of  the  beds  dealt  with  in  this 
paper,  together  with  other  notes,  are  given  in  the  Appendix. 
Such  a  list  would  have  been  impossible  before  the  publica- 
tion of  the  a<lmirablo  Horings  arid  Sinkings  by  the  North  of 
England  Institute  of  Mining  and  Mechanical  Engineers.  Much 
difficulty  has  in  many  cases  been  experienced  in  identifying  the 
beds  described  in  the  accounts  of  borings  (sinkings  are  necessarily 
much  better  evidence)  and  in  some  of  these  cases  the  au;hor  has 
ventured  to  disagree  with  previous  interpretations.  Where  the 
strata  are  visible  to  the  day  he  has  visited  the  localities  himself, 
usually  many  times,  and  he  would  wish  to  take  this  opportunity 
of  acknowledging  the  great  assistance  which  was  given  him  in 
these  examinations  by  the  Rev.  John  Dunn,  D.C.L.,  in  the  middle 
eighties. 

No  <l()ubt  in  the  interpretations  in  the  Appendix  some  errors 
must  have  been  (jommitted,  and  if  the  publication  of  such  a  list 
elicits  accurate  information,  it  will  have  served  its  end.  The 
occurrence  of  water,  even  in  large  quantities,  at  the  Permo-Car- 
boniferous  junction  is,  by  itself,  no  guide.  There  may  be  much 
water  and  no  Yellow  Sands,  and,  though  much  more  rarely,  the 
converse  may  be  true.  The  lat^  Mr.  S.  C.  Crone  pointed  out  long 
ago  that  the  Sands  held  more  water  to  the  north  and  east  than  to 
the  south  and  west. 

Among  the  papers  which  should  be  consultcnl  by  all  wishing 
t)  go  more  fully  into  the  palseontological  and  other  details  of  the 
Marl-slate  than  has  been  attempted  here,  those  by  Prof.  Stnlg- 
wick,  Mr.  Uichard  Ilowse,  Mr.  Kirkby  and  Dr.  William  King 
hold  the  first  place,  and  verj'  little  has  been  done  since  their  time. 
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APPENDIX.-  Thicknesk  and  othek  Particulars  of  the  Marl-slate  and 
Yellow  Sands  prom  Kortb  to  SorTii  in  Northumberland  and  Durham. 
Xota  Beut.^'Sxanhem  siven  thus  (vol.  ii.,  page  132)  refer  to  the  volmne  and 
page  of  the  Boriiiyft  aiiaSinl-ing/t,  where  the  full  sectionB  are  to  be  found. 


I 


L'>eaUty. 


1  I  Hartley 

2  Cullercoats  ... 


3  1  Whitley  Quarries  .. 

4  Typemouth  Cliff    .. 

5  I  South  Shields 


6  Harton  Toll  Bar 

7  Simonside,  near  Wes- 
I    toe 

8  WestBoldon 


I   9  !  Down      Hill,      near; 

'       .    West  Boldon 

I  10    Hylton  Castle,  near 

I  II  iPalUon         

12    Claxheugh   ... 


I  13    Weannouth  Collierv 
14    Humbledon  Hill 


16    FensherHill 

16  Silksworth  Colliery 

17  :  Ryhope  Colliery 


MarUlate. 


Ft       In>. 

Denuded 


3    0 


YeUow 
Sands. 


Ft.    Ins. 
+  15     0 

+  70     0 


3    6 
3    0 

(?) 
22    0 

Denuded 

(?) 

Denuded 

(?) 

0  11  (?) 

None 

(?) 

Thin 

18 


Seaham 


19  I  Seaham  Colliery     . . 


2    6 

(?i 

7    0 
Nil  to 
4    0 


8  10 

9  10 


(?) 
2    6 

1     1 


3    0 

(?) 


5 

+  10 


Thick 
7    0 

96    6 


8     4 


8    6 


+  10    0 

Thick 

Thick 
Verj' 
thick 


Capping  the  cliff  in  small  outliers,  , 
just  south  of  the  old  Limekiln. 

On  the  coast  between  the  Ninety- 
fathoms  l^yke  and  the  northern 
end  of  the  "Baths."  Thin 
limestones  in  the  upper  part  of 
the  sands.  Marl-slate  highly 
fish -bearing. 

Top  of  sands  only  reached.  i 

The  sands  thin  to  less  tlian  10  feet  ' 
here  to  the  west. 

The  sands  have  been  met  with  in 
the  immediate  neighbourhood, 
but  details  are  wanting. 

The  sands  were  formerly  visible 
here  (Mr.  W.  Hutton). 

Boring  (vol.  v.,  page  155). 

In  cutting  the  foundations  of  a 

house    below    the    quarry    and 

below  the  church,  and  in  a  well 

near  the  R^*ctory  gate  (Mr.  W. 

I     Hutton). 

Fish  found  in  the  Marl-slate  here. 

**In  dell  running  from  the  Wear  to 
Hylton  Castle^*  ( Mr.  W.  Hutton). 

1  Mr.    W^.    Hutton   describes   the 
yellow  sands  here  as  of  immense 
thickness.     They  are  certainly 
more  than  70  feet. 
'  Sinking  (vol.  iv.,  page  96). 

Sinking  and  boring  (vol.  iii.,  page 
271)).    Here  there  is  a  thin  bed  of 
yellow  sand  (6  inches  thick)  im-  | 
mediately  al)ove  the  Marl -slate. 
The  thicK  sands  are  described  as  . 
yellow  above  and  brown  l>elow.  I 

Sands  seen  on  north  side  of  hill. 

Sinkiwf  (vol.  v.,  page  151),  No.  1 
Shaft. 

Sinking {\oV  iv.,  page  322),  North  i 
and  West  Pits.  In  this  section, 
the  sands  are  divided  into  ten  ' 
meml)er8  chiefly  characterized 
l)y  variety  of  colouring,  dark, 
white,  brown  and  yellow.  Fish 
occurred  in  the  Marl -slate. 

Boring  ( vol.  v . ,  pace  41).  Thick  - 
ness  of  sands  aouutful. 

Sinking  (vol.  v.,  42),  Union  Pit. 
Marl-slate  no  doubt  present,  but 
I     not  identifiable. 
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26 


Locality. 


Seaham 

Eppleton  Colliery  . 

I)o  do. 

Murton  Colliery 
Do.         do. 


Do. 


Hetton 


<lo. 


Elemore  Colliery 


M»ri-dftt«. 


Ft.    Ins. 
4     2 

(?) 

(?) 
2    6 

2  0 

3  3 


4    6 


1     8 


Do. 


do. 


South    Hetton    Col 

liery 
Kaaington    ... 

Ilaswell 

Haswell  Colliery 
Do.        do. 
!  Haswell 


I 


3r»       D<>. 


3(i         D<>. 


2    0 

2  4 

(?) 

3  3 

(?) 
(?) 


(?) 


3    9 


YeUow 
Hands. 


Ft.  Ins. 

6  0 

36  0 

110  9 

34  6 

27  8 

26  0 


liMBarks. 


2     4 


62  10 

i 

63  0 

'    Nont* 
(?) 

24     2 

60    0 

j    None 

143     8 


None 


108  0 


Siid'hiyt  1849  (vol.  v.,  page  45). 
Thickness  of  sands  doubtful. 

Sinl'iny,  Downs  Pit.  The  sands 
were  in  this  case  drv. 

iSitUtNy  (vol.ii.,page30l ).  Jane  l^it. 

Sinkin(f  {vol.  iv.,page  1 1 6).  Kant  Pit . 

Sitd'hta  (vol.  iv.,  |>age  117). 
Middle  Pit.  * 

Shd'imj  (vol.  iv.,  page  120).  West 
Pit.  What  has  hSen  taken  here 
as  Marl-slate  is  given  as  2  feet 
3  inches  of  blue  metal  and  1  fo<»t 
of  white  metal.  What  the  latt  er 
may  be  is  doubtful. 

Borimjf  1793  (vol.  iii.,  page  219). 
This  is  a  very  doubtful  section; 
a  limestone  1  foot  8  inches  thick 
is  said  to  underlie  the  '*marl  with 
sand  in  open  gullets  *'  which  is 
here  taken  as  the  Yellow  Sands. 

Siul'iiuj  (vol.  ii.,  page  276). 
(ieorgc  Pit.  The  up|)er  part  of 
what  is  probably  the  Marl-Hlate 
is  said  to  l)e  a  •* yellow  clay.* 

Shil'iiiij  (vol.  ii.,  page  277). '  lea- 
1>ella  Pit.  In  this  case  the  lower 
portion  of  the  probable  Marl- 
slate  i8  said  to  bo  clay. 

Siuihuj  (vol.  v.,  page  162).  Kn- 
gine  l*it. 

/iorimj  (vol.  ii..  page  266).  The 
sand  was  merely  toucbe<l  by  the 
boring. 

Bvninj  (vol.  iii.,  page  168)  near 
Shot  ton. 

Siiilhnj  to  sand,  then  Horimj  «vol. 
iii. ,  page  1 69).   Engine  l^t*  1 H3 1 . 

Si  nil' to  f  (v<}l.  iii.,  |mge  169).  Kii- 
gine  Pit,  1833. 

yiori;/.'/ (vol.  ill.,  page  172).  No.  I 
hole.  Thr  upper  69  feet  of  the 
hiukI  wuh  dry.  nencath  the  sanil 
are  13  feet  7*inchesof  *•  soft  fn-f- 
stone  or  Hand  with  grey  nietiil 
imrtingH."  If  this  fonns  part  of 
the  sand,  then  the  total  thick- 
ncHH  would  be  the  enormous  tme 
of  \r>'J  feet  3  inches. 

7A>/-i«<,'/(v(>I.  iii.,  )»age  173).  No.  2 
hole.  4  inches  of  yellow  rlay 
o.-cuFM  ill  thiM  section  inmiedi- 
ately  l>elow  the  Miignesian  Lime- 
stone or  Marl-shite. 

liorimj  (vol.  ill.,  jMige  173).  No.  3 
hole.  The  I  Kit  torn  of  the  wind 
\%aH  not  leached. 


I 


■  .Mr.  T.  Y.  Hull  siati**  th»t.  atihi>OM  Harwell  Pit,  the  iiiiirkMnilii (on  ho  Yrlluw  .SMid*)  w«r«12jr«0C 
thlfk  :  that  in  i»ui*  Utrvholr  "whrnr  tlie  Pn*M>nt  yiX  is  "  there  wcrc'  iioii«  whatever,  and  thai  In  the  ae&i 
one  the  hule  was  iii  >>  feet  of  anndi     "The  Extent  ami  Prul«lile  I>amtiiin  of  the  Nnrthera  Ooal-dvU. 
rrtiRj.  S.K.  i»M  ,  IS.%4,  tol  ii..  MM>on«l  i-<lition,  pa«et  178  and  XtK* 
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LocaUty. 


Yellow 
Sands. 


Ft      Ina 
37     Shotton,  near         ..J   12    3  (?) 


38     Shotton  Colliery    .. 


3    8 
or 
i     1     4 


Pt.     IliS. 

24    2 


24    3 


39  i  l)o. 


.:  3    4 
!       or 

I  1     4 

I 


40  !  Ludworth  Colliery...;    3    4 


41 
42 


43 


Thornlev  Colliery  . . 
Castle  Eden  Colliery 


Houghton-le-Spring 


1     6 
12    0 


5    0 


37     0 


0) 


36    0 

12    0 


I 


44  iKelloe  1,   1  (?) 

1  45  '■■  Kelloe  Colliery         .:  2  10 
i 

46     Kelloe  \?) 


47     Kelloe  Colliery 


48 


Coxhoe 


3  10 


2    0 


Boring  (vol.  v  ,  page  145).  The 
Marl-slate  is  probably  not  more 
than  3  or  4  feet  thick  at  most. 

Sinking  (vol.  v.,  page  146).  Engine 
Pit.  The  beds  here  taken  as  Marl- 
slate  are  given  in  the  section  as 
strone  blue  limestone,  in  thin 
pannels,  2  feet  4  inches,  and  blue  ! 
and  grey  metal,  I  foot  4  inches.  ! 
Possioly  the  latter  only  is  the  ' 
Marl-slate. 

Siukimj  (vol.  v.,  page  148).  New 
Pit,  1840.  Here  again  th-  Marl- 
slate  is  in  two  beds,  the  lower  of 
which  is  1  foot  4  inches. 

Sinking  (vol.iv.  ,paKe  41 ).  Here  the 
section  beneath  the  Marl-slate  is: 
Grey  and  brown  post,  29  feet  8 
inches  ;  metal  parting,  4  inches  ; 
and  red  and  grey  post  and  water, 
18  feet.  If  the  whole  represent 
the  sands,  they  would  be  48  feet. 

Sinking  (vol.  v.,  page  273). 

Sinkintj  (vol.  ii.,  page  18).  Maria 
Pit.  Perhaps  the  bottom  10 
inches  only  (described  as  grey 
metal)  of  what  has  l)een  here 
taken  as  the  Marl-slate  is  to  be 


6()    0 

None 
None 
None    ; 

! 

None    ; 


1  11(?) 

or 
None 


properly  so  called. 
Many   fish< 


any  fishes  were  got  from  the 
Marl-slate  here.  The  latter  has 
at  its  base  thin  brown  clay  in 
layers,  alternating  with  the  cal- 
careous slabs.* 

Boring  (vol.  iii..  page  287)  by  the 
side  of  the  lane  n'om  Kelloe  to 
Cassop  Hill. 

Sinking  (vol.  iii.,  page 289).  North 
Pit,  East  Hetton  or  Kelloe 
Colliery. 

Boring  (vol.  iii.,  page  290).  Low 
part  of  Kelloe  royalty.  21  feet 
7  inches  of  alternating  blue  lime- 
stone and  dark  metal  represents 
the  Marl -slate. 

SinkijKf  (vol.  iii.,  page  291).  New 
Pit.  '  Probably  the  * '  dark  metal" 
here  taken  to  mean  the  Marl- 
slate  is  the  lowest  number  of  the 
alternations  mentioned  in  the 
last  note. 

Boring  (vol.  ii.,  i>age  151),  1840. 
The  Yellow  Sands  may  be  absent 
altogether.  The  1  foot  1 1  inches 
bed  given  here  is  described  as  a 
**  strong  grey  post,  with  water," 
and  is  possibly  Coal-measures. 


*  Hr.  W.  Hutton.  op.jamcit..  page  65,  says  that  from  HouKbton-le-SprinK  toward!  Mooraley  and 
Pittlngton,  and  in  the  quarry  at  Thickley,  an  unctuotui  clay,  aa  well  an  altomations  as  above  described,  is 
common  at  the  liottom  of  the  Marl-slate. 
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No. 


Locality. 


49 


50 
51 

52 


53 


54 


Coxhoe  Colliery 


Gomforth 
Do. 

Gomforth 


Do. 


Cornforth  Colliery.. 


Ft.    IiM.       Ft.    Inn. 
(?)  (?) 


Bemftrki. 


(?) 
5    2 

4    0 


55  OarmondsM  ay  Moor 

Colliery 

56  Oarmondsway  Moor 


57 


Do. 


do. 


58  T  r  i  m  don     ( 1  range 

Colliery 

59  Do.  do. 


None 
None 

None  (?) 


4    0        I  None  (?) 


3    6(?) 

5  9(?) 
2  0(?) 
1  10 

(^) 
0    9(?) 


None 

None 

None 

None  (?.i 

None 
None  (?) 


I 


80     Trinidoii  Collierv  ...      16 


20  10 


Sitding  (vol.  ii.,  paae  152).  New 
Winninff,  1843.  The  informa- 
tion  in  thiB  section  is  useleM  for 
the  present  purpose. 

Boring  (vol.  ii.,  page  1 10). 

Boring  (vol.  ii.,  page  113).  '*  Hills 
and  Holes." 

Boring  (voL  ii.,  page  119).  1839. 
600  feet  west  of  Garmondsway 
Public  •  house.  <*  Brown  post 
with  water,  12  feet,  may 
possibly  represent  the  Yellow 
Sands  here. 

Borintj  (voL  ii.,  page  120).    1842.  | 
South  of  Syniside  Hill.      Here  ; 
again  5  feet  5  inches  of  **  brown 
sandy  post "  may  represent  the  , 
Sancis.  j 

Sini-iny  (vol.  ii.,  page  123).  George 
Pit.     Here  the  basement-bed  of  ' 
the  Permian  is  said  to  be  *'  blue 
limestone  with  post  girdles,"  10 
feet. 

Siul'iny  (vol.  iii.,  page  77).  West 
of  Anne  pit. 

Borina  (vol.  iii.,  page  77).  ^  mile 
south  of  pit. 

Boring  (vol.  iii.,  page  79).  Second  j 
hole,  1840.     Here  a  bed  of  sand 
4  inches  thick  is  reconled  18  feet 
above  the  Marl-slate.     '*  Brown 
IKwt  with  water,   11  feet"  l>c-  | 
neath      the     Marl-slate      may  ; 
lK>8sibly  represent  the  Sands.         | 

Sinh'ni/  (vol.  v.,  i>age  322'.    1845. 

>inl-in*f  (vol.  v.,  page  323).  New 
T'it,  1872.  What  has  here  been 
taken  an  the  Marl-slute  is  a  thin 
IhmI  called  '*»tr<mg  metal){irdle," 
l>eneath  which  come  26  feet  of 
*'hard  bine  limestone,  full  of: 
HiMif."  lielow  thiH  again  are  22 
fret  of  "soft  white  jKwt.  with 
iiartingH " ;  this  may  be  the 
Vellow  Sands?  Above  the  !l 
inclieH(?i  of  Miirl.slate  are 4 feet 
2  iiii'heH  of  *'Boft  (lark  gritty 
Hand.'*  A  very  a) inormal  section. 

SInkiiHi  (vol.  v.,  jiage  318),  '*8unk 
in  Trimdon  »tai>le,**  1842.  Thv 
Htction  of  theSandM  is  here  very 
coniidete,  namely :  Light  yellow 
saiidB,  4  inclieM  ;  yellow  clay- 
IMii  tings,  12  feel  :  dark  yelloV 
sandH.  .s  feet  6  inches.  '  The 
middle  meml»er  in  specially 
interesting. 
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Appendix.  —  Coniinufd. 


No. 


61 


Locality. 


Trimdon  Colliery 


Yellow 
Baods. 


Ft.     Inn.         Ft.    ln». 
(?)         .     14     9 


62     Rodridge    or    South 
Win^te  Colliery 
ThriBlington 


I  63 
I  64 


65 


Do. 


Do. 


3  11 

31     0 

10    0{?) 

None 

4    6 

None 

None  (?) 


Do. 


67  Do. 

68  Thrislington  Colliery 

69  Ferry  Hill 

70  Do. 

7 1  Fishbum 

72  Do. 

73  Hardwick 

74  Do. 

I 
\ 

75  I  Great  Chilton 


3  6 

4  0 
3  2 

13  4 

6  7 

1  0(?) 


4    9 


9    4 


None  (?) 

None 

None 

None  (?) 

None  (?) 

None 
None 

None 

;None(?) 

None 


Sinl'i'mj  [vol.  v.,  page  320),  1843. 
The  Marl-slate  is  no  doubt  a 
portion  of  what  is  given  in  this 
section  as  37  feet  6  inches  of 
**dark  metal'  lying  on  the 
Sands,  which  here  consist  of  14 
feet  6  inches  of  **  brown  sandy 
l>08t  with  soft  partings  and 
water  *'  with  3  inches  of  *  *  yellow 
partings  *'  at  top. 

Snd-iinf  and  Jion'mf  (vol.  iv.,  l>age 
314)."      1841. 

/ioritnj  (vol.  v.,  page  282).  1,050 
feet  north  by  east  of  the  Hall. 

/iorintj  (vol.  v.,  page  285). 
Fourth  hole,  '*  in  the  tirst  sink- 
in^pit,"  1836. 

Bonn*!  (vol.  v.,  page  288). 
Eleventh  hole,  6()0  feet  north  of 
first  pit.  1837.  A  difficult 
section.  The  beds  about  the 
Permo  -  Carboniferous  junction 
are  given  thus:  P*  rminut  '. 
(fuUety  limestone,  G  feet  3 
inches  ;  sand,  2  feet ;  red  and 
grey  metal,  1  foot  ;  limestone, 
6  feet  ;  brown  post  with  water, 
2  feet.  Coaf-nfMisiire^'i  ?  :  Red 
and  blue  metal,  1  foot  C  inches  ; 
sand,  0  inches  ;  and  dark  metal, 
2  feet  6  inches. 

Horiuif  (vol.  v.,  page  289). 
Twelfth  hole,  Whinney  Hill.  A 
**  white  pof-t"  5  feet  thick  may 
represent  the  Yellow  Sands. 

Hor  11141  (vol.  v.,  page  290).  639 
feet  **from  tlie  Old  Cr>al  Pit." 

Sinking  (vol.  v.,  page  291).  Jane 
Pit,  1867. 

liorimf  (vol.  iii.,  page  30)  Fifth 
hi.ks  1836,eastcnd  of  Ferry  Hill. 

Borimj  (vol.  iii.,  page  32).  If 
there  be  any  yellow  sands  here, 
they  are  but  3  feet  thick. 

Bot'iiiij  (vol.  iii. ,  page  38 ).  "  Near 
Fishburn." 

Borintj  (vol.  iii.,  page  39).  Third 
hole,  "in  Miss  Chilton's 
Quarry,"  1837. 

Bon'iKj  (vol.  iii.,  pace  137).  No. 
1  hole,  1,500  feet  from  Sprucely 
Farmhouse. 

Boriifij  (vol.  iii.,  ])aKe  138).    No.  2 
hole,450  feet  from  Hisi  op  Middle 
ham    Village,    1839.      A    thick 
"brown  freestone  with  water 
may  possibly  represent  the  Sands. 

Borimj  (vol.  ii.,  page  38).     1828. 
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No. 


I^)c«lity. 


Marl-nUte. 


Y«Uow 
Haiida. 


Kemvlu. 


1*^.         ll)8. 

Little  Chilton         ...:     I     6 
Do. 


Chilton  ColUerv 


"■| 


79  Mainsforth  (  olliery 

80  Bishop      Middlchani 

Colliery 

81  1  Ryal 


I  82  I  Kick  wall  <irangu    ... 


ir>   6(r) 
9   n 


,  Ft.  Inn. 

6  5(?) 

;19  0(?) 

:e9  o(?) 


None 
Xone 


0  None  (?) 


83  MitMnd},'^    ...         .    |   11  0            None    ! 
I 

84  '  Mia«lri«l^aj  Collierv    i  ?            None  (?) 

I                                 ■  ' 


8:> 

h^iiHl  'I'll  irk  If  y 

4 

(> 

None 

m 

Nuii>tuiiitoti 

\:i 

0 

None 

87 

Do. 

V 

None 

88 

I)n. 

•J 

0 

Xone 

89 

Scat  on  <jin*w 

V 

None 

Boriiuj  (voL  ii.,  page  .^).     18^4. 

Boring  (vol.  ii.,  page  41 1.     1838. 

SinluHy  (vol.  ii.,  page  43).  No.  I 
Shaft,  1872.  The  sanda  in  all 
these  Chilton  sections  are 
doubtful 

Siid'huj  ( vol  i V. ,  page  48 ).     B  Pit.  ' 

Sifikiitfj     (vol.     1.,     page     147).  ' 
Bishop  Middleham  Pit,  1846. 

/ioriiHj  (vol.  iv  ,  page  320).  1874. 
Although  this  is  a  diamond-  . 
boring,  yet  the  record  leaves 
one  quite  in  the  dark  as  to  the  ' 
details  of  the  junction -beds : 
'*  limestone  '*  and  '*  sandstone  '* 
is  all  tiiat  is  given. 

Homuj  (vol.  iv.,  page  305). 
187r>.  Kvre  agaui,  though  the 
Marl-slate  is  gix'en,  it  is  not 
possible  to  say  whether  the 
**grey  post"  which  come  b«>- 
low  and  is  underlain  by  **  yellow 
saiulstone/*  may  not  poeaibly 
represent  the  Vellow  Sands. 

lionnij  (vol.  iv.,  page  85).  1,500 
feet  south-east  of  village,  1837. 

Sinkhuj  (vol.  iv.,  page  88). 
Charles  Pit.  A  '*  yellow  post  '* 
immediately  1)eneath  the  lime- 
stone may  possibly  represent 
the  Vellow  Sands. 

/iorinij  ( vol.  V. ,  page  267).  Rieht 
hand  of  lane  leading  to  Midd- 
ndge,  18:U. 

lioriiuj  (vol.  iv.,  jpage  196).  S| 
miles  eabt  of  Rusheyford. 

/inriinf  (vol.  iv.,  page  198).  240 
feet  south  from  Stoney  Hall. 

linriiuj  (vol.  iv.,  page*  199)'.  In 
tieM  n(*ar  Stanilalone. 

Diamond  boring,  1888.  The  40  feet  . 
of  (lark  grey  limestone  is  the 
lowest  Pennian  in  this  86cti<m, 
and  of  thiH  tlie  Itottom  portion 
may  be  .Marl-slate.  The  27 
feet  6  inches  of  ffrey  and  re  I 
Mind«tone  1>eneatn  are  in  all 
proltiibility  Coal-measure.<*  and 
not  **  U)wer  New  Red  Sand- 
stone "  as  given  in  the  reoonl. 
(Mr.  W.  .1.  Bird,  TrnHH.  Man- 
rfnMf,,'  <;ma/.  Sttc.y  1888,  wl. 
xix.,  |»age  .'>7-.  )* 
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Mr.  J.  B.  Atkinson  (H.M.  Inspector  of  Minos,  Newrastle- 
Tipon-Tyne)  said  that  the  Marl-slates,  which  were  described  in 
IProf .  Lebour's  paper  as  knpferschiefer^  produced  copper-ore.  Prof. 
Ijebour  made  no  referem^e  in  his  paper  to  the  composition  of 
the  Marl-slate,  and  he  (Mr.  Atkinson)  asked  whether  any  appear- 
ance of  copper  had  been  obsei-ved  in  the  county  of  Durham.  He 
believed  that  copper-ore  had  been  observed  in  the  Magnesian 
Xiimestone  about  Gardmondsway,  but  he  did  not  know  whether  it 
occurred  in  the  Marl-slate. 

Mr.  David  Burns  said  that  no  copper  was  found  in  Cumber- 
land in  the  corresponding  beds,  and  he  thouyrht  that  there  was  no 
trace  of  copper  in  the  Durham  district.  He  ha<l  spent  a  few 
Tveeks  among  the  corresponding  strata  in  the  Perm  district,  where 
copper  was  \&ry  prevalent. 

Mr.  J.  T.  Stobbs  (St^>ke-upon -Trent)  wrote  that,  as  might  be 
expected,  Prof.  Lebour's  paper  was  an  able  summaiy  of  our  present 
knowledge  of  the  relation  of  the  Permians  to  the  Coal-measures 
in  North-eastern  England.  Of  the  junction-beds,  the  Permian 
Yellow  Sands,  when  present,  offer  peculiar  difficulties  in  shaft- 
sinking,  and  later  in  the  extraction  of  the  upper  coal-seams, 
chiefly  because  of  their  natural  incoherence  and  their  water- 
besiring  character.  Hence,  any  contribution  to  the  knowledge 
of  the  laws  of  their  distribution  would  be  most  welcome  to  those 
responsible  for  the  development  of  the  eastern  portion  of  the 
Durham  coal-field.  It  has  been  ascertained  that  this  distribu- 
tion is  somewhat  erratic,  and  that  the  Yellow  Sands  fill  the 
hollows  of  an  old-land  surface  (that  is  the  floor),  which,  generally 
speaking,  slopes  to  the  east.  General  knowledge,  however,  on 
this  point  is  not  enough,  and  detailed  information  respecting 
these  indentations  is  the  great  desideratum  at  the  present  time, 
30  that  the  existence  or  absence  of  these  beds  beneath  the 
Magnesian  Limestone  may  be  predicted,  at  any  given  locality. 
He  (Mr.  Stobbs)  could  not  agree  with  Prof.  Lebour's  statement 
that "  every  record  of  a    .      .    boring  through  the  junction  between 

the  Permian  rocks  and  the  beds  beneath  them 

yields  a  truthful  item  or  datum  towards  the  construction  of  a 
contoured  map  of  this  ancient  floor.''*    The  Appendix  shows  no 

•  Trans.  Inst.  M.E.,  1902,  vol.  xxiv.,  page  372. 
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less  than  fU)  borings,  which  report  an  absence  of  the  Yellow  Sands 
at  this  junction,  and  he  (Mr.  Stobbs)  was  of  opinion  that  the 
greatest  caution  should  be  exercised  in  accepting  negative  evid- 
ence from  a  bore-hole  in  ground  of  this  character,  especially  if 
put  down  by  a  system  employing  hollow  rods,  down  which  water 
is  forced.  Parallel  cases  might  be  quoted  from  the  Ballarat 
district  of  Victoria,  where  shafts,  sunk  through  basalt  overlying 
the  denuded  Silurian,  were  completely  lost  by  the  inrush  of 
water-bearing  "  drift/'  which  was  reported  by  bore-holes  (put 
down  within  the  last  2b  years)  as  non-existent.  With  respect  to 
the  time-measure  of  the  unconfomiity  between  the  Permians 
and  tne  Coal-measures,  it  might  be  pointed  out  that  the  **  earth- 
movomonts  ''  and  "  denudation  '*  of  sections  (2)  and  (3)*  were 
undoubtedly,  to  a  large  extent,  contemporaneous.  The  time 
re(|uired  for  denudation  of  a  given  thickness  of  rocks  depended 
very  largely  on  their  hardness,  and  their  position :  at  any  rate, 
he  (Mr.  Stobbs)  was  not  inclined  to  exaggerate  the  time  necessary 
for  the  removal  of  the  Upper  Coal-measures  in  Northumberland 
and  Durham,  some  patches  of  which  were  now  known  to  exist  in 
place  in  Xorthumberland. 

Mr.  Walcot  Gibson  (London)  contrasted  the  diflference  in  the 
character  of  the  basal  beds  of  the  Permian  in  the  North  of  England 
with  that  in  Nottinghamshire  on  the  south,  where  the  ba«al  Per- 
mian was  a  strong  breccia-band  of  greiit  service  to  the  miner.  The 
Eolian  origin  of  the  Yellow  Sands  would  form  one  more  link  in  the 
evidence  connecting  the  Permian  and  Triassic  rocks  into  one 
system.  lie  was  glad  to  see  attention  drawn  to  the  correct  age  of 
the  red  rocks  beneath  the  Yellow  Sands.  In  Nottinghamshire,  the 
Permian  rested  quit^  discordantly  on  at  least  two  horizons  of  red 
sandstone  —on  one  high  up  in  the  Coal-measure  sequence,  and  on 
another  much  lower  down.  The  question  as  to  the  nature  of  the 
Pemio-Carboniferous  l)oundar>'  was  one  of  great  interest,  alike 
to  the  miner  im  to  the  geologist,  and  had  received  but  scanty 
attention  of  late  years.  Sifnis  of  a  revival  of  interest  were  there- 
fore welcome. 

Prof.  (t.  a.  Lkhour  (Durham  College  of  Science)  wrote,  in 
reply  to  Mr.  Atkinson,  that  to  his  knowleilge  no  copper-ore  had 
been   found   in  the  Marl-slate  of   Durham   or  Northumberland. 

•  TmM.  iHMf.  M.K.,  1002,  vol  xxiv.,  page  373. 


DISCUSSION MARL-SLATK    AND   YELLOW    SANDS.  39 

Abroad,  carbonate  of  copper  was  very  common  as  an  impregnation 
in  that  deposit — hence  its  name  hipfersichiefer.  At  Garmonds- 
way,  as  Mr.  Atkinson  stated,  copper-ore  occurs  in  the  Magnesian 
Limestone,  but  in  distinct  veins  of  copper-pyrite«,  weathered 
externally  into  green  carbonate  of  copper,  not  disseminated 
through  the  stone.  It  is  quite  possible,  though  he  (Prof. 
Lebour)  thought  that  it  had  not  yet  been  proved,  that  this  vein, 
or  other  similar  veins,  if  traced  below  into  the  Marl-slate,  will 
there  prove  to  be  still  copper-bearing,  but  not  in  the  manner  in 
which  the  bed  is  copper-bearing  in  the  typical  kupferschiefer  of 
the  Continent.  The  persistent  association  of  copper  with  the  Per- 
mian abroad  is  a  most  striking  phenomenon,  and  one  which  has 
not  yet  been  fully  accounted  for.  In  northernmost  England, 
however,  this  association  is  not  marked,  since  the  infilling  of  a 
iissure-vein  need  not  have  any  direct  connexion  with  its  contain- 
ing walls  at  any  given  point.  The  subject  did  not,  therefore,  come 
within  the  scope  of  his  paper. 

The  President  (Sir  Lindsay  Wood,  Bart.)  moved  a  hearty 
vote  of  thanks  to  Prof.  G.  A.  Lebour  for  his  interesting^  paper. 

Mr.  M.  Walton  Brown  seconded  the  resolution,  which  was 
cordially  approved. 


The  Rev.  W.  Nall  read  the  following  paper  on  "  The  Alston 
Mines":  — 
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THE  ALSTON  MINES. 


By  the  Rev.  W.  NALL,  M.A.,  Alnham  Vicarage. 

History  of  the  Mines. — The  earliest  fragment  of  authentic 
information  concerning  the  Alston  mines  is  contained  in  a  docu- 
ment dated  a.d.  11*U.  It  is  an  account  of  certain  moneys,  which 
were  due  to  the  King  from  the  burgesses  of  Carlisle  in  respect 
of  a  certain  mine,  called  the  Carlisle  silver-mine,  which  was 
held  by  them  from  the  King  under  a  lease. 

Subsequent  accounts  enable  us  to  identify  the  so-called  silver- 
mine  of  Carlisle  with  the  lead-mines  of  Alston.  Lead-ore  con- 
tains silver — in  various  proportions — in  combination  with  the 
lead ;  that  obtained  from  Alston  moor  contains  about  10  ounces 
of  silver  to  the  ton  of  lead.  The  Rev.  John  Hodgson—  to  whose 
researches  we  are  mainly  indebted  for  our  knowledge  of  the  early 
history  of  the  Alston  mine*  —states  that  the  Northumberland  Pii)e 
lloll  of  1*^*^()  contiiins  a  charge  of  M2,li)A  for  the  old  rent  of  the  mine 
of  Carlifflle,  an<l  that  this  charge  is  camwl  forward  annually 
through  the  whole  of  that  reign,  that  is  to  say,  until  1272.*  Assum- 
ing <he  reliahiliiy  of  Mr.  Hodgson's  information,  we  are  safe  in 
concluding  that  the  Alston  mines  were,  <luring  that  eiirly  period, 
very  rich;  for  £2,1'")4  of  that  age  represents  the  large  sum  of 
.£10,()(M)  of  our  current  coin.  And  yet  this  sum  represented  only 
the  rent  of  the  mines,  and  it  did  not  include  the  profits  realizetl  by 
the  lessees,  nor  the  expenditure  for  labour  an<l  mining  requisites. 

The  expression  **  old  rent,''  which  occurs  in  the  North- 
umberland Pipe  Roll,  suggests  the  idea  that  the  Alston  mines 
were  even  at  that  time  considered  to  be  old.  It  may  be  inferred 
from  the  facts  just  adduced,  and  from  the  further  fact  that  the 
church  at  Alston  was  built  and  the  parish  formed  in  1154,  that 
there  was  a  considerable  population  in  the  district  in  the  twelfth 
and  thirteenth  centuries.  The  rent  obtaineil  from  the  lessees  of 
the  mines  forme<l  a  considerable  proiM)rtion  of  the  revenue  of  the 

•  History  of  \ort hunt ftetf awl y  1840,  vol.  iii.,  part  ii.,  page  43. 
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Crown,  and  is  sufficient  to  account  for  the  interest  which  the 
Kings  of  England  took  in  the  lead-mines  and  for  the  privileges 
which  they  granted  to  the  miners. 

Henry  III.,  in  1234,  warned  his  bailiffs  and  faithful  people 
that  he  had  taken  under  his  protection  and  defence  all  his  mines 
of  Aldeneston  (Alston),  their  men,  lands,  goods,  rents,  and  all  their 
possessions,  and,  therefore,  commanded  them  to  maintain,  protect 
and  defend  them,  neither  giving  them  nor  suft'ering  them  to  re- 
ceive from  others,  hindrances,  injury,  loss  or  trouble  ;  and  if  they 
had  suffered  by  forfeiture,  forthwith  to  make  them  amends.  In 
1235,  a  royal  mandate  signified  to  all  the  miners  in  Cumberland 
that,  on  repairing  to  work  at  the  King's  mines  at  Aldeneston,  they 
should  not  only  go  there  safely  and  securely,  but  enjoy  all  the 
liberties  and  free  customs,  which  the  miners  there  had  been 
accustomed  to  have  in  times  past ;  and  also  directed  the  Sheriff  of 
Cumberland  that  he  should  cause  all  the  miners  in  his  bailiwick 
to  go  and  dig  and  mine  there  in  his  bailiwick,  as  they  ha<l  done 
in  times  past;  and  also,  the  merchants  to  repair  to  the  same 
mine  with  victuals  for  the  miners.* 

The  wording  of  the  charter  suggests  the  inference  that  the 
King  had  no  other  mine  in  Cumberland  than  that  at  Alston. 
Together  with  the  other  liberties  which  the  miners  enjoyed,  was 
one  which  gave  serious  trouble  to  the  landowners  and  farmers ; 
as  they  were  allowed  to  cut  down  the  trees,  and  use  the  wood  in 
the  mines.  One  case  of  dispute  is  cited  by  Mr.  Hodgson  as  fol- 
lows :  "  In  Michaelmas  term,  1290,  Patric  of  the  Gill  and  20  other 
miners  at  Aldeneston  were  empleaded  by  Henry  de  Whitby  and 
Joan  his  wife,  for  cutting-down  their  trees  at  Aldeneston  by  force 
and  arms,  and  carrying  them  away."  The  defence  set  up  by  the 
miners  was  that  they  enjoyed  the  privilege,  granted  to  them  by 
their  lord  the  King,  of  cutting  down  the  wood,  to  whomsoever  it 
might  belong,  which  was  nearest  to  the  silver-vein,  and  to  take 
Bs  much  of  it  as  they  pleased  to  roast  and  smelt  the  ore,  to  build 
and  to  hedge,  to  give  to  the  agents  in  lieu  of  wages,  and  to  the 
rich  in  order  that  they  might  distribute  it  to  the  poor.  They 
also  affirmed  that  the  lords  of  the  woods  had  no  right,  after  that 
they  (the  miners)  had  begun  the  work  of  cutting  down,  to  sell  or 
give  any  of  the  wood,  excepting  for  reasonable  needs,  and  that 
they  had  enjoyed  the  liberty  from  time  immemorial. t 

•  History  of  Northumberland ^  1840,  vol.  iiL,  part  ii.,  page  46. 
t  /Wd.,  pages  47  and  48. 
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The  charter  of  protection  having  been  burnt  by  the  Scotch, 
Edward  III.  renewed  it  on  October  23rd,  1334;  and  again  on 
October  5th,  1335.  The  King,  in  1350,  wishing  to  ascertain  what 
were  the  liberties,  customs  and  immunities  which  the  miners  at 
Alston  and  their  predecessors  had  enjoyed,  commissioned  Thomas 
de  Seton  and  John  de  Mowbray  to  institute  an  enquiry;  who 
thereupon  empanelled  a  jury  at  Penrith  for  that  purpose.  The 
jury  reported  that  the  miners  dwelt  together  in  their  shelis  [<•/". 
shieling],  hud  the  liberty  of  choosing  from  among  themselves  one 
coroner,  and  one  bailiff,  who  was  called  the  King's  Serjeant.  The 
coroner  had  cognizance  of  all  pleas  concerning  felonies,  debts,  and 
all  other  matters  concerning  themselves,  and  had  the  power  of 
determining  cases.  The  bailiff  was  empowered  to  enforce  the 
decisions  of  the  coroner.  There  was,  however,  a  proviso  to  the 
effect  that  the  miners  ceased  to  enjoy  their  privileges  when  they 
ceased  to  dwell  together  in  "  shelis.'' 

At  some  time  previous  to  1359,  the  Carlisle  lessees  had  either 
surrendered  or  forfeited  their  lease  of  the  mines,  for  a  German, 
named  Tihuan,  was  then  in  possession  of  the  mines,  and  had 
brought  over  a  colony  of  his  own  countrymen  and  settled  them 
on  Alston  moor.  The  change  of  lessees  was  probably  followed  by 
a  change  of  market.  While  the  burgesses  of  Carlisle  were  in 
possession  of  the  mines  the  produce  was  no  doubt  carried  to  that 
ancient  city  and  there  sold  to  the  lead-merchants ;  but  the 
Germans  seem  to  have  sent  the  lead,  or  lead-ore,  by  way  of  Stan- 
hope or  Hexham  to  Newcastle,  whence  it  was  shipped  to  the  con- 
tinent— ])rol)al)ly  to  Hamburg.  Alston  was  thus  separated  from 
its  own  county-town  of  Carlisle,  and  brought  into  connexion  with 
Newcastle. 

In  1414,  the  mines  were  leased  by  William  de  St^pleton :  and 
in  14ns,  Ivlwanl  IV.  granted  to  Richard,  Karl  of  Warwick,  and 
John,  Karl  of  NorthunilMM-land  an<l  others,  all  his  mines  ot  gold 
and  silver.  On  March  23rd,  1475,  the  King  granted  to  his  brother, 
the  Duke  of  Gloucet^ter,  ITenrv,  Karl  of  X(»rthumberlan<l  and 
others,  the  mines  of  Fletchers,  which  were  situated  at  Gerrard's 
Gill  in  Alston  parish. 

Towards  the  end  of  the  sixteenth  century,  the  Alstcm  estates, 
together  with  the  mines,  ])ecame  the  property  ot  the  Hyltons,  of 
Hylton  Castle,  near  Sunderhind.  In  1021,  llylton,  the  lord  of 
the   manor,   being   desirous   of   providing   his   daughter   with   a 
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marriage-portion,  raised  the  requisite  sum  by  granting  leases  for 
one  thousand  years  of  the  several  tenements  upon  his  Alston 
estates,  reserving  to  his  family  the  right  of  working  the  lead  and 
other  mines  on  payment  of  damages  to  the  lessees.  His  successor, 
finding  that  the  mines  were  not  remunerative,  and  supposing  that 
they  were  exhausted,  sold  the  property  to  the  Radclififes,  of 
Dilston.  The  story  of  James  Radcliffe,  the  last  Earl  of  Derwent- 
water,  is  well  known  and  does  not  nee<l  to  be  re-told.  One  of 
the  consequences  of  the  Pretender*s  attempt  upon  the  throne  of 
England  was  the  settlement  of  the  Derwentwater  estates,  with  the 
mines,  upon  the  Greenwich  Hospital. 

The  history  of  mining  in  Alston  moor  during  the  past  150 
years  would  furnish  matter  for  a  small  volume,  but  the  writer 
proposes  to  mention  here  only  the  more  important  facts. 

In  1737,  most  of  the  mines  in  Alston  moor  were  held  on  lease 
by  a  Company  which  was  popularly  known  as  the  London  Lead 
Company,  or  the  Quaker  Company,  but  traded  under  the  name  of 
the  Gh)vernor  &  Company.  This  Company  is  still  in  possession  of 
lead-mines  in  Teesdale,  but  in  1882  the  directors  sold  their  interest 
in  the  Alston  mines  to  the  Nenthead  &  Tynedale  Lead  &  Zinc 
Company. 

During  the  long  tenure  of  the  lease  of  the  Alston  mines  by 
the  Governor  &  Company,  the  mineral  resources  of  the  dis- 
trict were  thorough Ij-  explored,  every  vein  being  carefully 
traced  and  mapped,  and  every  stratum  being  pierced  through  and 
through  by  shafts,  adits  and  drifts.  The  output  of  lead-ore, 
which  in  the  ten  years  between  1737  and  1747  was  only  15,244 
bings,*  continued  to  increase,  until  it  reached  itsi  maximum  of 
217,846  bings,  valued  at  £1,000,000,  in  the  decade  from  1817 
to  1827. 

In  the  trials  which  were  made  by  the  Governor  &  Company 
for  the  purpose  of  exploring  the  veins,  other  minerals,  in  addition 
to  lead-ore,  were  discovered,  and  were  to  some  extent  utilized. 

Mineral  Veins. — ^A  few  of  the  most  productive  veins  which 
traverse  the  district  of  Alston  moor  may  be  mentioned  here  : — The 
Bampgill  vein  has  probably  been  one  of  the  most  productive 
in  Great  Britain.     During  the  period  between  1703  to  1880  the 

*  1  Bing  weighs  8  cwts. 
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output  of  ore  from  this  vein  in  the  Greenwich  Hospital  Manor 
was  850,000  biugs,  and  almost  as  much  ore  was  obtained  from 
the  same  vein  by  Mr.  Beaumont  in  the  Allen's  Head  mines. 

The  story  of  the  Hudffill-burn  mine  is  a  striking  exemplifica- 
tion of  the  proverb  that  fact  is  stranger  than  fiction.  In  1888,  the 
late  Mr.  Thomas  Wilson-Crawhall-Wilson,  of  Alston,  supplied 
the  writer  with  the  following  information  respecting  that  famous 
mine : — 

Thin  mine  wa8  uriginully  in  the  hands  of  two  separate  companies.  One 
of  these  drove  the  Hudgill-burn  level  to  a  considerable  distance  towards  the 
west,  or  south-west,  but  failing  to  disc^over  ore,  the  agents  abandoned  the. 
enterprise.  About  the  same  time,  a  person  named  Todd,  who  held  a  plot 
of  mining  ground  near  Galligill,  which  he  explored  by  means  of  shafts,  also 
abandoned  his  lease.  Report  says  that  ore  was  subsequently  found  within 
a  yard  of  one  of  Todd's  shafts. 

The  mining  field  was  now  open  to  any  one  who  cared  to  try  his  fortune, 
and  it  was  at  this  juncture  (1813)  that  Mr.  John  Wilson  of  Nent  Hall  formed  a 
new  company  for  the  purpose  of  working  both  the  abandoned  plots  of  ground. 
This  company  commenced  operations  in  the  Hudgill-burn  level.  Diverting 
the  level  from  its  former  course,  they  drove  it  towards  the  south,  and  entered 
Todd's  old  ground,  where  they  cut  the  Hudgill  old  vein  in  the  course  of 
the  following  year,  1814.  In  subsequent  years,  they  out  other  rich  veins, 
and  continued  for  a  long  time  to  raise  large  quantities  of  ore  and  to  pay 
large  dividends. 

During  the  first  year  the  total  expenditure  was  about  JB400,  no  ore 
being  discovered.  In  1815.  ore,  to  the  amount  of  563^  bings,  was  raised.  In 
1816,  a  dividend  of  £'1,680  was  paid;  in  1817,  the  dividend  was  i67,000;  and 
it  continued  U>  increase  until  in  1822  the  maximum  of  ^£38,000  was  reached. 
The  total  amount  divided  among  the  partners  during  the  seventeen  years  that 
the  mine  c<mtinued  to  l)e  productive  was  i;320,(X)0,  which  allows  an  average 
dividend  of   i' 17,500  per  annum.     The  original  capital  was  i!500. 

Other  wellknown  mines  include  Kodderup  Fell,  Benty  Field, 
Tynebottom,  Cash  Well  and  Cross  Fell.  The  writer  reserves 
for  further  notiee  the  trials  which  have  been  made  from  time  to 
time  in  the  Great  Sulphur  vein. 

Summary. — Uetweeu  the  years  VlM  and  1887  the  quantity 
of  lead-ore  extracted  from  the  mines  on  the  Greenwich  Hospital 
Manor  was  upwards  of  1,()0(),()(M)  bings :  for  the  whole  of  Alston 
moor  the  (quantity  must  have  exceeilcd  2,000,000  bings.  From 
1797  to  1827,  and  again  from  1847  to  18^7  the  average  price  per 
bing  was  i'o.  A  moderate  computation  of  the  value  of  the  lead- 
ore  yielde<l  by  the  Alston  mines,  during  the  period  of  150  yean, 
l>etween  17*J7  and  1887,  would  not  fall  far  short  of  £20,000,000. 
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For  21  years,  beginning  with  1800,  the  average  output  per  annum 
from  the  mines  in  Teesdale,  Weardale,  the  Allendales  and  Alston 
moor  with  Cross  Fell,  was  as  follows :  — 

Mining  DiBtricU.  Bingn. 

Teeadale            ...            ...  ...            ...  8,000 

Weardale          ...            ...             17,000 

AUendales         ...            ...  ...            ...  8,000 

Alflton  Moor,  with  Cross  Fell  ...  19,000 

In  the  year  1788,  the  output  of  the  Weardale  and  the  Allen - 
dales  mines  was  11,391  bings;  and  of  Alston  (the  Greenwich 
Manor  only)  10,593  bings.  During  the  last  quarter  of  the 
eighteenth  and  the  first  quarter  of  the  nineteenth  century,  the 
Alston  mines  were  probably  the  richest  lead-mines  in  the  world. 

The  royalty  on  lead-ore  in  Alston  moor  during  the  long  period 
between  1737  and  1828  was  at  the  rate  of  1  in  5 ;  from  1828 
to  1835,  the  royalty  was  1  in  6  on  the  east  bank  of  the  Tyne  and 
1  in  7  on  the  west  bank ;  from  1835  to  1863,  it  was  1  in  7  over  the 
whole  manor;  and  since  1863  it  has  varied  from  1  in  7  to  1  in  18. 

Men  who  were  distinguished  for  their  attainments  in  natural 
science  travelled  from  a  distance  to  see  the  rich  lodes  and  heaps 
of  ore  within  and  near  the  mines.  Among  the  visitors  were  Prof. 
Mohs,  of  Freiberg,  and  Count  Breuner,  of  Vienna.  Dr.  Buck- 
land,  Dean  of  Westminster,  inspected  the  mines,  and  studied  the 
geology  of  the  lead-mining  districts.  In  1815,  the  Dean  of 
Windsor,  in  his  capacity  of  Director  of  the  Royal  Hospital  for 
Seamen  at  Greenwich,  visited  the  mines,  and  after  inspecting 
Nent  Force  level,  he  characterized  it  as  **  a  stupendous  work," 
quoting  the  expression  from  the  report  of  a  former  commissioner. 

Alston  moor  was,  in  those  days,  a  training  school,  whence 
mine-agents  and  engineers  were  sent  to  other  mining-fields.  The 
Assay  Office  in  Alston  was  a  school  of  practical  science,  in  which 
discoveries  were  made  that  have  been  of  immense  advantage  to 
the  owners  of  mining  property  and  to  the  country  generally.  In 
this  office,  Mr.  H.  Lee  Pattinson  made  his  famous  discovery  of  a 
new  method  of  extracting  the  silver  from  lead,  a  discovery  which 
is  supposed  to  have  added  £5,000  per  annum  to  the  revenue 
derived  from  the  Weardale  mines. 

In  1796,  an  attempt  was  made  to  obtain  Parliamentary  power 
to  make  a  canal  from  Newcastle  to  Haydon  Bridge.      The  follow- 
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ing  extracts,  taken  from  a  petition  presented  to  the  House  of  Com- 
mons by  the  Commissioners  of  the  Greenwich  Hospital,  indicate 
the  opinion  which  then  prevailed  with  regard  to  the  commercial 
value  of  the  Alston  mines. 

The  canal,  by  ending  as  is  proposed  at  Haydon  Bridge,  will  terminate  in 
the  very  centre  of  the  said  Barony  of  Langley,  a  situation  peculiarly  favour- 
able for  a  repository  of  wood,  iron,  and  other  articles  which  will  be  brought 
from  Newcastle  for  the  use  of  the  very  valuable  load-mines  belonging  to  the 
Hospital  in  the  manor  of  Alston  moor ;  and  for  the  corn  and  merchandise  which 
will  be  brought  for  the  supply  of  the  town  and  neighbourhood  of  Alston, 
whereby  that  country  and  all  the  estates  of  the  Hospital  there,  will  be  greatly 
benefitted  and  improved.  That  Langley  lead-mills,  for  the  smelting  of  Alston 
ore,  belonging  to  the  Hospital,  and  Blag^ll  load-mills,  are  so  situated  aa  to 
derive  very  great  benefit  in  point  of  carriage,  as  by  means  of  the  propoeed 
canal  a  ready  communication  will  be  formed  for  the  conveyance  of  the 
Hospital's  and  the  Blag^ll  Company's  lead  to  Newcastle;  and  for  carrying 
back  wood,  iron,  bricks,  and  other  heavy  articles  necessary  to  and  used  at 
those  mills  in  return,  by  which  and  the  other  benefits  and  advantages  above 
mentioned,  and  by  divers  others,  the  revenues  of  the  said  Hospital  will,  if  the 
said  Bill  shall  pass,  and  the  said  canal  be  made,  be  considerably  increased 
and  the  estates  of  the  Hospital  there  in  other  respects  considerably  benefitted 
and  improved. 

The  following  is  an  estimate  of  the  annual  savings  in  the  expense  of  the 
carriage  of  lead  and  materials,  if  the  proposed  canal  should  be  made  to 
Haydon  Bridge,  compared  with  what  is  now  paid;  which  includes  the  other 
lead-mills  at  which  the  lead-ore  of  Alston  moor  is  smelted:  — 


Names  of  Millfl,  etc. 


Oimert  of  Millft. 


PiTstnt 
jKxpeiuw 


1  I  From    Langley    Milln 
'    to  Newcastle  (Alston 
.    ore) 
■  2  i  Blagill   Mill  U>  New- 
I     ]    castle  (Alston  ore) 

H   CaiK)M  Mill  to  New-    (lovemor*  Company 
castle  (AlHton  ore) 


Conunitfsioners  k  (iover- 
nors  of  Cireenwich  Hos- 
pital 

William  Jobling  A  Co. 
(an  Alston  Coni|)any) 


Nenthca<l 
Tynehca<l 


I  ( lovenior  *  Company 
■  Utrick  Walton  v^  C«>. 


720 


720 

1,440 

720 
480 


K«tiaaatcd 
EzpenBP 
by  Cuuil. 


£ 
407 


btlmatod 
SftTing. 


10     0,312  10     0: 


407  10    0i312  10 
62r> 


sir>  0  0 


407 
•271 


0  0. 


312  10 
208  6 


!l 

N.B. — The  foregoing  estimate  is  made  upon  an  expectation  that  12.000 
pieces  of  lead  will  l>e  produced  annually  at  cich  of  the  mills  Nos.  1,  2,  and  4: 
24,000  at  the  mill  No.  .S;  and  8.()(K)  at  the  mill  No.  5.  Upon  examination  of 
the  b<M)ks  kept  in  the  office  of  the  receivers  of  the  Ilospit-al,  it  is  found  that 
in  the  last  Hoven  years,  1^5,127  pieces  of  lead  have  Wvn  sent  from  Langley 
mills  to  Newcastle.  From  hence  [tic]  ii  cannot  lx»  <loubte<I  of  how  much  importance 
it  is  for  the  interest  of  the  (Jreenwich  Hospital  that  the  proposed  canal  on 
the  north  side  of  the  river  Tvne  should  be  efTe<'ted. 


Geolotfif  ffffff   Miiundotnj.-  -It    is   a    fact   woll   known  to   the 
geologist,   tliat    tlu*  north-rouutrv   <lalos  closely   resomble  each 
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other  in  their  physical  features,  and  that  they  have  all  been 
formed  by  the  same  agencies  in  the  same  series  of  rocks. 
The  rivers  Tees,  Tyne  and  Wear  have  their  sources  in  the  same 
mountain — Kilhope  being  only  a  spur  from  Cross  Fell — and  in 
their  upper  reaches  flow  within  a  few  miles  of  each  other.  From 
Wear  Head  to  Tyne  Head  the  distance  is  not  more  than  6  miles ; 
and  from  Tyne  Head  to  Tees  Head  it  is  not  more  than  8  miles. 
At  one  point  in  its  course,  the  Tees  approaches  so  near  to  the 
Tyne  that  a  mining-engineer  was  able  some  years  ago,  without 
much  difliculty,  to  conduct  some  of  the  water  of  the  former 
river  into  the  latter.  The  Tyne-bottom  Limestone — a  stratum 
which  has  derived  its  name  from  the  fact  that  it  forms  the  bed 
of  the  South  Tyne  for  several  miles — appears  in  the  bed  of  the 
Teee  near  the  source  of  that  river,  and  in  the  bed  of  Kilhope  bum 
near  Heatherycleugh,  and  is  in  both  these  places  underlaid  by  the 
Great  Whin  Sill.  The  Fell  Top  Limestone  crops  out  on  Blagill 
Fell  and  Middle  Fell  in  Tynedale,  and  on  the  summits  of  the 
Weardale  and  Teesdale  fells. 

Between  the  Whin  Sill  and  the  Fell  Top  Limestone  lie  the 
Lead-measures,  which  derive  their  name  from  the  fact  that  they 
are  rich  in  deposits  of  lead-ore.  Of  this  series  of  rocks  the  central 
mass  of  the  Pennine  chain  is  mainly  composed,  and  to  it  the  dales- 
men are  indebted  for  their  beautiful  scenery. 

Near  the  middle  of  the  Lead-measures  occurs  the  Great  Lime- 
stone— the  characteristic  stratum  of  the  series — which  forms  so 
striking  a  feature  in  northern  hindscupes.  It  cr()[)8  out  in  great 
thickness  in  Tynedale,  Allendale,  Weardale,  Teesdale,  and  the 
dales  in  North  Yorkshire.  In  Tynedale,  it  forms  a  natural 
terrace  of  great  beauty,  which  runs  along  the  eastern  side  of  the 
valley  from  Lovelady  Shield  to  a  point  above  Kirkhaugh  church. 
A  partial  section  of  this  limestone  has  been  exposed  in  the  quarry 
at  Coatlith  hill. 

In  Weardale,  this  stratum  forms  terraces  on  the  sides  of  the 
hills  and  mountains ;  but  nowhere  does  it  appear  to  greater 
advantage,  as  the  maker  of  rich  scenery,  than  in  the  bed  of  the 
Tees  near  Barnard  Castle.  The  "  living-stone  and  marble-grey," 
which  occur  in  Rokeby,  are  poetic  expressions  for  limestone,  and 

"  Those  cliffs  that  rear  their  haughty  head 
High  o'er  the  river's  darksome  bed  " 
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are,  to  speak  in  the  language  of  sober  prose,  '*  limestone  tumblers." 
But  though  the  dalesmen  are  inrlebted  to  the  presence  of  the 
Great  Limestone  for  their  grandest  and  fairest  scenes,  it  is  to 
the  Whin  Sill  and  the  Scaur  Limestone  of  the  Lead-measures 
that  they  are  indebted  for  those  natural  rockeries  which  ornament 
the  banks  of  the  rivers,  and  form  the  beautiful  waterfalls. 

The  geology  of  Alston  moor  may  be  studied  with  advantage 
in  the  bed  of  the  South  Tyne  and  in  the  gills  which  score  the 
slopes  of  the  mountains.  The  Whin  Sill  lies  near  the  surface 
in  the  village  of  Garrigill  and  crops  out  at  Tynehead,  while  Cross 
Fell  is  cappe<l  by  the  Grindstone  Sill. 

Shafts  have  been  sunk  into  the  Whin  Sill  at  Garrigill, 
Bodderup  Fell  and  Tees-side.  In  the  Browngill  mine,  lead-ore 
has  been  found  in  the  Grindstone  Sill,  that  is  to  say,  at  the  very 
top  of  the  Lead-mejisures.  At  Rodderup  Fell  and  on  Tees-side 
lead-ore  has  been  found  in  the  AVhin  Sill,  or  at  the  bottom  of  the 
Lead-measures.  A  (careful  examination  of  the  list  of  mines  given 
in  Mr.  Westgarth  Forster's  Treatise  on  a  Section  of  the  Strata  from 
Newcastle-upon-Tyne  to  Cross  Fell  would,  the  writer  believes, 
show  that  every  stratum  between  the  Grindstone  Sill  and  the 
Whin  Sill  has  been  pien^ed  by  the  lead-miner  in  his  search  for 
ore.  The  composition  and  texture  of  each  stratum  have  been 
a8certaine<l  and  its  position  in  relation  to  the  other  strata  has 
been  fixed  with  a  considerable  degree  of  accuracy.  These 
remarks  apply  to  the  lead-mining  districts  of  Alston  moor,  the 
Allendales,  Weardale  and  Teesdale. 

The  writer  will  venture  to  digress  for  a  moment  from  the 
subject  of  this  paper,  in  order  to  point  out  that  the  miner  was 
the  pioneer  in  the  science  of  geology  and  that  our  knowledge  of 
the  strata  and  mineral  veins  has  been  mainly  derived  fn>m  him. 
When  the  anti(|uity  of  the  Alston  mines  is  considered,  the  number 
of  men  employed  in  them  either  as  agents  or  workmen,  and  the 
probabilitj'  that  many  of  the  agents  were  men  of  ability,  the  fon'e 
of  this  remark  becomes  apparent. 

Tlie  geology  of  Alston  moor  was  the  subject  of  careful  study 
on  the  part  of  Thomas  Smeaton — the  famous  engineer — prior  to 
1776.  In  that  year,  the  Nent  Force  level  was  commenced  under 
the  dire(^tion  of  Smeattm.     The  level  was  intended  to  serve  the 
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two-fold  purpose  of  a  drain  for  the  Nenthead  mines  and  of  a 
trial  of  the  mineral  veins  in  the  Nent  valley.*  The  designer  must, 
therefore,  have  had  some  knowledge  of  the  strata  in  the  Nent 
valley  or  he  could  not  have  devised  his  working-plans. 

It  is  interesting  to  note  here  that  William  Smith  was 
only  seven  years  of  age  when  Smeaton's  great  engineering 
work  was  commenced.  Therefore,  the  statement  made  by  Prof. 
Seeley  in  The  Stary  of  the  Earth  that  **  The  law  of  succession  of 
the  layers  of  rock  upon  each  other"  was  not  discovered  until 
1790,  and  then  by  William  Smith,  needs  some  qualification. 

Mineral  Veins. — In  Alston  moor  most  of  the  veins  run  in  a 
direction  which  may  be  roughly  described  as  east-and-west.  A 
few  bear  north-and-south,  crossing  the  east-and-west  veins  at 
various  angles. 

The  veins  which  cross  other  veins  are,  of  course,  of  more 
recent  origin  than  those  which  are  crossed  by  them ;  hence  the 
belief  which  is  prevalent  that  the  east-and-west  veins  were 
anterior  in  origin  to  the  north-and-south  veins.  If  we  might 
assume  that  the  vein-fissures  were  caused  by  shrinkage  in  the 
earth's  crust,  we  should  arrive  at  the  conclusion  that  the  fissures  in 
the  Pennine  district  were  caused  by  two  distinct  movements  in  the 
earth — the  first  in  respect  of  time  being  from  north  to  south,  and 
the  other,  and  more  recent,  from  east  to  west. 

All  the  veins  traverse  the  Whin  Sill,  and  are  consequently  of 
later  origin  than  that  sheet  of  basalt. 

The  Great  Sulphur  Vein,  or  Backbone, — Any  account  of  the 
geology  of  Alston  moor  which  did  not  take  notice  of  the  Back- 
bone or  Great  Sulphur  vein,  would  be  incomplete.  The  writer 
has,  therefore,  made  a  few  notes  on  that  vein.  Its  course  is 
nearly  north-west  to  south-east,  being  parallel  with  the  course 
of  a  dyke  of  basalt  which  crosses  the  Tyne  at  some  distance  to  the 
south-west.  The  proximity  and  parallelism  of  those  two  powerful 
dykes  are  circumstances  worthy  of  notice.  In  what  respects  do  the 
contents  of  the  Sulphur  vein  differ  from  the  contents  of  the  other 

•  The  difltance  from  the  mouth  of  the  Nent-force  level  to  the  first  air-shaft, 
at  Nentsbury,  is  3  miles.  This  section  was  driven  on  the  dead-line  (level),  and 
the  carriage  of  materials  was  effected  by  means  of  boats,  the  level  being  filled  with 
water  to  a  depth  of  4  feet.  The  next  air  shaft  is  at  VVelgill :  about  I  mile  above 
Nentsbury.  This  section  was  driven  at  a  higher  random  (elevation)  than  the  first, 
and  the  carriage  was  eB'ected  by  means  of  a  railway.  The  total  cost  of  the  level  is 
said  to  have  been  upwards  of  £t)0,000. 
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veins  in  the  Alston  district  ?  This  question  cannot  be  satisfact- 
orily discussed  here,  because  the  information  respecting  the  vein  is 
not  yet  sufficient  to  enable  a  definite  opinion  to  be  formed  upon  the 
subject.  Towards  the  north-west,  the  Sulphur  vein  runs  into  the 
Pennine  fault;  towards  the  south-east  it  becomes  divided  into 
several  weak  sections ;  and  finally  it  disappears  in  the  mountain- 
barrier  which  divides  Weardale  from  Upper  Teesdale  and  Upper 
Tynedale.  The  vein  throws  up  the  south-west  side  to  the  extent 
of  180  feet,  thus  placing  the  Tyne-bottom  Limestone  on  the  one 
side  on  a  level  with  the  Scaur  Limestone  on  the  other  side. 

In  1820,  the  Commissioners  for  Greenwich  Hospital  re-opened 
the  old  workings  in  Crossgill  by  means  of  a  level  under  the  Scaur 
Limestone,  which  served  the  purpose  of  a  drain  for  the  mine. 
They  also  pierced  the  north  side  of  the  vein,  wherein  they  dis- 
covered a  collateral  string,  which  contained  some  copper-pyrites, 
associated  with  malachite. 

To  the  north-west  of  the  high  ground  which  forms  the  water- 
shed between  Crossgill  burn  and  Black  burn,  a  little  stream,  well 
known  to  the  miners  and  shepherds  as  the  Cash  bum,  takes  its 
rise  and  flows  almost  due  north  until  it  joins  the  Black  burn. 
The  Sulphur  vein  appears  in  the  bed  of  this  stream,  and  the  ruins 
of  old  mines  are  distinctly  visible.  Two  shafts  have  been  sunk 
into  the  vein,  and  a  (juantity  of  pyrites  brought  to  the  surfa(*e. 
Still  farther  north-west,  in  the  Smittergill  bum,  a  trial  was  made 
by  Messrs.  Paul  &  C'o.,  and  a  small  deposit  of  lead-ore  was  dis- 
covered. 

Towards  the  south-east,  near  the  confluence  of  the  Clargill 
and  Darngill  burns,  a  little  lead-ore  was  obtained  from  the 
vein,  and  trials  were  made  in  it  on  the  top  of  Yad  Moss,  by  the 
late  Mr.  Jacob  Walton,  of  Green  Ends,  Xenthead.  The  results 
of  those  trials  were  not  such  as  to  justify  a  further  expenditure 
of  capital. 

The  above  facts  seem  to  show  that  the  contents  of  tlie  Great 
Sulphur  vein  are  poor  in  quality,  that  the  deposits  of  lead-ore  are 
too  few  and  small  to  repay  the  cost  of  mining  operations,  and  that 
copper  and  sulphur  are  not  present  in  the  pyrites  in  sufficient 
quantities  t^)  repay  the  <'08t  of  extriiction.  But  it  should  be  borne 
in  mind  that  the  processes  for  extracting  metals  have  been  greatly 
improve<l  since  the  above  trials  were  made,  and  that  ores  which 
were   formerly   regarded   as   worthless   rubbish    are   now   being 
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turned  to  good  account.  Our  forefathers  buried  thousands  of 
tons  of  black-jack  (blende)  in  the  dead-heaps,  believing  that  the 
material  was  of  no  use ;  but  the  blende  is  now  being  disinterred, 
and  from  it  is  extracted  a  metal  which  is  more  valuable  than  lead. 
In  1872,  the  Tynehead  Manor,  which  is  the  property  of  Colonel 
Byng,  was  surveyed  by  Mr.  De  Ranee,  who  made  the  following 
remarks  on  the  contents  of  the  Sulphur  vein:  — 

No  assay  of  magnetic  pyrites  (pyrrhotite)  from  the  Sulphur  vein  has  been 
made.  It  is  possible  that  it  may  be  associated  with  the  valuable  metals, 
cobalt  and  nickel,  as  is  the  case  in  some  German  ores;  and  whether  this  be 
BO  or  not,  it  is  certain  that  it  contains  a  sufficient  quantity  of  sulphur  to 
make  it  valuable  for  the  manufacture  of  crude  sulphuric  acid.  The  residues 
obtained  from  the  pyrites,  in  the  manufacture  of  sulphuric  acid,  are  employed, 
when  pure,  as  iron-ore,  in  Cleveland,  under  the  name  of  "  blue  billy." 

In  the  early  part  of  the  nineteenth  century,  a  valuable  deposit 
of  copper-ore  was  discovered  in  the  Stow  Crag  vein,  Tynehead, 
and  a  smaller  deposit  was  found  in  the  Sir  John's  vein.  Both  of 
these  veins  are  closely  associated  with  the  Great  Sulphur  vein. 
The  bearing  of  the  Sir  John's  vein  is  almost  due  north -and-south. 
It  traverses  the  left  bank  of  the  South  Tyne,  from  Dry  bum  to 
Tynehead,  crossing  the  river  at  a  point  which  is  a  short  distance 
to  the  west  of  the  confluence  of  the  Damgill  burn  with  the  South 
Tyne.  The  Sulphur  vein  crosses  the  river,  a  little  farther  to  the 
west,  and  as  its  course  is  north-west  to  south-east,  it  intersects  the 
Sir  John's  vein  on  Yad  Moss,  and  removes  it  from  its  course  to 
the  extent  of  120  feet.     Both  veins  disappear  on  Tynehead  fell. 

Copper. — Small  quantities  of  copper  have  been  found  in  the 
Sulphur  and  Sir  John's  veins  at  Crossgill  and  Tynehead.  One 
valuable  deposit  was  discovered  in  the  **  hazel,"  about  the  middle 
of  the  last  century  in  the  Stow-crag  mine  (Tynehead)  in  the  Sir 
John's  vein. 

Limestone  of  excellent  quality  abounds  in  Alston  moor. 

Three  seams  of  coal  occur  in  the  Lead-measures,  of  which  the 
two  associated  with  the  Little  limestone  were  formerly  utilized 
for  domestic  and  agricultural  purposes.  Crow  coal  has  now  dis- 
appeared from  the  domestic  hearth,  though  it  is  still  used  in 
the  lime-kiln. 

This  account  of  the  Alston  moor  mining  district  is  not  exhaus- 
tive— the  names  of  many  veins  having  been  omitted.     Among  the 
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veins  passed  over  are  Carrs,  Cowhill,  Cow  Rlitt,  the  Great  Cross 
veins  in  Handsome  Mea  and  Bampgill  mines,  Black  Ashgill, 
Low  Fair  Hill,  Patterdale  and  Galligill,  Woodhouse,  Hanging 
Shaw,  and  Scraith  Head,  in  the  Nenthead  district;  and  the 
following  in  Garrigill :  Thortergill,  Old  Groves,  Howhill  and 
Hardsyke.  Every  one  of  those  veins  has  been  the  subject  of  one 
or  more  trials,  and  some  of  them  have  yielded  ore ;  but  none  of 
them  can  be  relied  upon  as  a  source  of  mineral  wealth. 

The  cross  veins  are  not  productive,  ex(»epting  at,  or  near,  the 
places  where  they  intersect  the  east-and-west  veins,  and  in  most 
of  those  places  they  have  already  been  tried. 

The  minerals  found  on  Alston  moor  include: — Alstonite: 
anthracite;  barytes,  sulphate  and  carbonate;  baryto-calcite ; 
black-jack  or  blende ;  calamine;  copper;  fluor-spar;  galena,  the 
principal  ore  of  lead ;  iron  pyrites ;  limestone ;  and  quartz,  the 
chief  mineral  in  the  Sulphur  vein. 


The  President  (8ir  Lindsay  Wood,  Hart.)  said  that  the 
memberb  were  very  much  obliged  to  Mr.  Nail  for  his  interesting 
paper  on  the  ancient  working  of  the  mines  in  the  Alston  district. 
The  quantity  of  ore  got  in  those  days  was  very  much  larger  than 
was  produced  at  the  present  time  on  account  of  the  best  mines 
having  been  very  largely  exhausted.  These  mines  were  not  now 
being  worke<l,  owing  to  the  great  fall  that  had  taken  place  in  the 
price  of  lead — ')()  per  cent.,  if  not  more — and  that,  of  course,  made 
a  great  difference  when  they  had  to  work  the  poorer  mines  and 
those  below  water-level.  The  mines  at  Alston  were  now,  he 
believed,  worked  for  zinc,  the  lead  being  a  bye-product,  inst^ead 
of  vicf  versa  as  in  the  olden  days. 

Mr.  Anthony  Wilson  (Thornthwaite,  Cumberland)  said  that 
he  had  listened  wnth  interest  to  the  history'  of  the  Alston  mines. 
Reference  had  been  made  to  the  working  of  the  mines  in  the  early 
days  by  the  Germans,  and  history  had  repeated  itaelf,  as  the  whole 
of  the  workings  at  present  being  carriwl  out  round  and  about  Alstitn 
were  now  practically  in  the  hands  of  a  German  company,  who 
worked  them  on  a  highly  scientific  basis.  The  Institution  of 
Mining  Kngineers  would  do  grwit  good  if  it  were  to  consider  this 
subject,  and  obtain  papers  on  lead-  and  zinc-mining  in  Great 
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Britain.  One  could  not  help  but  think  that  if  downright  energy 
and  capital  were  put  into  lead-  and  zinc-mines  the  result  would 
be  Batisfactoiy.  They  had  seen  one  or  two  examples  of  work 
bein^  carried  out  on  a  large  scale  by  foreign  companies,  and  it 
made  him  feel  ashamed  at  their  own  lack  of  energy.  The 
industry  of  lead-mining  was  practically  dying  out,  and  he  hoped 
that  the  knowledge  of  the  ancient  history  of  these  mines  would 
result  in  mining-engineers  throwing  more  energy  into  this  branch 
of  mining. 

Mr.  Luke  Williams  (Tasmania)  said  that  Mr.  Nail  had  told 
the  members  that  the  ore  contained  about  10  ounces  of  silver  to 
the  ton  of  lead,  and  as  one  greatly  interested  in  lead-  and  silver- 
mines  in  the  Colonies  he  would  like  to  know  the  average  width 
of  the  vein  and  the  percentage  of  lead  in  the  crude  ore. 

Mr.  Harry  Rhodes  (Rotherham)  asked  whether  Mr.  Nail  could 
give  further  information  as  to  the  occurrence  of  anthracite.  It 
seemed  curious  to  come  across  anthracite  in  the  Alston  district. 

The  Rev.  W.  Nall  replied  that  three  seams  of  coal  were  found 
in  Alston  moor,  the  two  best  seams  being  associated  with  the  Little 
Limestone.  The  thickest  was  only  18  inches,  and  the  other  one 
only  12  inches  in  thickness.  The  coal  was  of  a  poor  quality ;  it 
was  used  for  lime-burning,  but  was  not  used  in  the  cottages  of  the 
miners.     It  contained  large  quantities  of  sulphur. 

The  President  (Sir  Lindsay  Wood,  Bart.)  said  that  as  much 
as  80  per  cent,  of  lead  was  found  in  some  of  the  ore,  and  in  others 
not  more  than  20  per  cent.  It  varied  very  much  in  the  veins  and 
in  different  parts  of  the  same  vein. 

Mr.  Luke  Williams  asked  what  was  the  minimum  quantity 
of  lead  profitable  to  work. 

Mr.  W.  M.  Egglestone  (Stanhope)  wrote  that  the  historical 
part  of  Mr.  Nail's  paper  on  the  Alston  mines  was  very  interesting, 
and  gave  one  a  glimpse  of  many  lucky  speculations  in  mining 
for  lead-ore,  and  also  of  the  contrivances  for  working  the  mines, 
the  discoveries  for  extracting  silver  from  the  galena,  with  other 
events  and  incidents  associated  with  a  famous  mining  district 
seamed  with  metalliferous  veins.  In  the  geological  pai-t  of  the 
paper  it  was  stated  that — "  The  Tyne-bottom  Limestone  .  .  . 
▼ou  Lnz.-iooi.iMP.  5 
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appears  iu  the  bed  of  the  Tees  near  the  source  of  that  river  and  in 
the  bed  of  Kilhope  bum  near  Heatherycleugh,  and  is  in  both  these 
places  underhiid  by  the  Great  Whin  Sill."*  A  reference  to  the 
maps  of  the  Geological  Survey,  or  an  examination  of  the  exposed 
section  of  strata  in  the  bed  of  Kilhope  bum,  near  Heathery- 
cleugh, Weardale,  would  show  that  the  Great  Whin  Sill  here 
underlies  the  Single  Post  Limestone.  This  limestone  in  the  sec- 
tion is  a  one-post  stratum,  5  feet  thick,  and  not  at  all  like  the  Tyne- 
bottom  Limestone,  with  its  three  flats  and  a  thickness  of  24  feet, 
less  or  more,  liurtree-pasture  mine,  in  the  same  neighbourhood,  is 
now  dosed,  but  the  section  of  the  engine-shaft  shows  the  same 
change  of  horizon  of  the  Whin  Sill — underneath  the  Single  Post  — 
to  that  assigned  to  it  by  Mr.  Westgarth  Forster,  namely,  under- 
neath the  Tyne-bottom  Limestone. t  He  (Mr.  Egglestone)  had 
read  a  paper  on  the  subject  of  the  change  of  horizon  of  the  Whin 
Sill  at  Stanhope,  at  a  meeting  of  the  Weardale  Naturalists'  Field 
Club  in  1902. 

Mr.  J.  Camkron  Swan  (Newcastle-upon-Tyne)  wrote  that  Mr. 
Nail's  interesting  paper  on  **  The  Alston  Mines  "  invited  comment 
at  some  points  of  the  story  which  he  had  so  eft'ectively  told. 

As  regards  the  antiquity  of  the  mines,  there  was  no  doubt  that 
they  were  being  worke<l  at  a  period  earlier,  probably  much 
earlier,  than  the  date,  IL'U,  at  which  authentic  documentary 
ovidoncc  of  tlioir  existence  began,  and  they  were  mentioneil  in  a 
manner  wliifli  i)n>v(Nl  that  the  mines  were  then  of  great  value, 
and  must,  therefore,  have  been  in  operation  for  the  considerable 
])erio<l  which  (especially  in  those  primitive  times)  w(mld  be  ne<?es- 
s;iry  to  bring  them  into  the  c(mdition  of  such  extensive  and  profit- 
able working. 

It  had  Ihmmi  stated  with  some  confidence  that  tlie  mines  were 

worked  by  the  Romans.     They  were  on  the  spot,  and  the  remains 

of  tlie  large  station  on  the  Maiden  Way,  at  Castle-nook,  2  miles 

fnmi  Alston,  were  well  known.      Ihit  there  was  no  direct  authentic 

evidence  that  they  raised  lea<l  in  Tvnedale.       No  Roman  mining 

implements  appear  to  have  been  found   in   <»ld   niine-workings, 

such  as  had,  from  time  to  time,  been  discovere<l  in  ancient  mines 

in  Spain  and  elsewhere. 

•   TniiiM.  IuMt.  M,K.,  1902,  vol.  xxiv.,  page  39fl. 

t  A  TnntiMr  oil  a  S»rfioii  of  th  Strata,  by  Mr.  WeHtgarth  Foraler,  1S83,  thinl 
edition,  i>ageii  61,  6'2  ami  99;  and  Mr.  1).  Bum-*,  TmnM.  X.K.  Iwtt,,  1877,  vol. 
xxvii.,  |>age  85. 
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He  (Mr.  Swan)  might  mention  that  one  of  the  workmen  at 
Nenthead  told  him  that,  when  he  was  a  washer-boy  at  Blagill 
mine,  among  the  debris  which  came  out  of  the  ancient  workings 
were  the  "  antlers  of  deer,  and  fragments  of  rope  made  of  leather." 
Blagill  was  the  oldest  of  the  more  important  mines,  at  which  some 
work  had  been  carried  on  until  present  times.  The  leathern-ropes 
points  to  a  date  before  the  use  of  hemp  for  rope-making ;  and  the 
(leer's  antlers  pointed  to  the  remote  period  when  the  hills  were,  to 
a  great  extent,  covered  with  growing  timber  and  were  the  natural 
habitat  of  herds  of  wild  deer.  It  might  be  worth  mentioning 
that  the  name  of  this  very  old  mine  confirmed  Mr.  Nail's  statement 
that  at  a  certain  time  the  Alston  mines  were  leased  and  worked  by 
Germans,  for  "  bla  ''  was  only  a  slight  corruption  of  the  German 
"  blei  "  (lead),  and  Blagill  is,  in  effect,  Blei-gill  or  Lead-gill. 

Mr.  Nail  mentioned  that  the  leasing  of  the  lead-mines  to  the 
Germans  led  to  the  diversion  of  the  lead-trade  from  Carlisle  to 
Newcastle.  It  also  led  to  the  naming  of  a  portion  of  the  old 
parish  of  Ryton,  where  there  was  anciently  a  lead-smelting 
works,  and  doubtless,  in  consequence  of  being  made  the  place  for 
the  storage  and  accumulation  of  the  lead  from  the  west  country, 
it  acquired  the  name  of  Bleidon,  or  Blaydon,  as  we  know  it. 
Blaydon,  it  will  be  remembered,  is  the  first  point  at  which  the 
Tyne  becomes  navigable  for  serviceable  craft ;  and  to  this  point 
came  all  the  lead  produced  at  the  mines  near  the  headwaters  of 
the  Derwent,  Allen  and  Tyne,  and  at  the  extensive  mines  of 
Fallowfield,  near  Hexham.  Thence  it  passed  to  "keels,"  and 
was  carried  by  them  down  the  river  for  treatment  at  Newcastle 
factories,  or  for  shipment  oversea. 

The  mine  of  "  Fletchers  at  Gerrard's  Gill,"  mentioned  by 
Mr.  Nail  as  having  been  granted  by  King  Edward  IV.  in  1475, 
to  his  brother,  the  Duke  of  Gloucester  and  to  the  Earl  of  North- 
umberland, was  no  doubt  the  mine,  in  the  Tyne  valley,  that  we 
know  as  Fletcheress,  and  Gerrard's  Gill,  is,  of  course,  our  modern 
Garrigill. 

The  definite  manner  in  which,  in  ancient  leases  and  other 
documents,  the  mines  of  Alston  are  spoken  of  as  '*  the  silver- 
mines,"  appears  to  indicate  that  the  mines  we  know  were  richer 
in  silver  when  worked  in  the  upper  strata,  or  that  there  were 
other  mines  with  which  we  are  unacquainted,  the  ores  from  which 
contained  a  higher  percentage  of  this  metal  than  does  the  mineral 
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obtained  from  existing  workings.  The  lead-ore  now  produced  in 
the  Alston  district  is  not  rich  in  silver.  The  average  of  Nenthead 
and  of  Weardale  lead-ores  is  only  about  7  to  8  ounces  per  ton 
of  pig-lead.  The  ore  of  Greenhurth  mine,  in  Upper  Teesdale, 
and  of  Cashwell  mine,  at  Crossfell,  contains  10  to  13  ounces  per 
ton  of  lead.  The  rich^t  lead-ore  that  he  (Mr.  Swan)  ever 
obtained  from  the  Nenthead  mines  showed  16  ounces  to  the  ton 
of  lead,  and  this  was  produced  from  a  very  narrow  string  con- 
nected with  the  Bampgill  vein.  The  ore,  of  which  ver^^  large 
quantities  have  been  raised,  from  the  flats  on  and  between  the 
parallel  north-and-south  veins,  known  as  the  Great  Cross  vein 
and  Smallcleugh  Cross  vein,  contains  no  silver. 

At  one  time,  there  must  have  been  in  the  district,  if  not 
imme<liately  at  Alston,  mineral  veiy  much  richer  in  silver.  Even 
so  recently  as  the  beginning  of  hist  century,  some  of  the  mines 
(Thortergill  mine  and  Nentsbury  mine,  for  instance)  were  yield- 
ing ore  containing  21  ounces  of  silver  to  the  ton  of  lead.  And 
from  time  to  time,  pieces  of  "  float-ore  "  have  been  picked  up 
at  or  near  the  surface,  and  in  the  beds  of  water-courses,  which 
have  given  high  percentages  of  silver,  some  as  much  as  120  ounces 
to  the  ton  of  lead.  One  large  boulder  of  ore,  which  weighed 
2  cwts.,  contained  over  90  ounces  of  silver  to  the  ton.  Close 
search  was  made  for  the  lode  from  which  this  splendid  mass  of 
ore  might  have  been  derivo<l,  but  it  has  never  been  discovered. 

The  exhaustion  of  many  mines,  and  the  reduction  of  the  values 
of  both  lead  and  silver,  have  so  unfavourably  affected  mining 
in  the  Alston  district,  that,  but  for  one  fortunate  circumsUince, 
it  is  not  improbable  that  this  aiifient  and  useful  industry  would 
have  nearly  reached  the  point  of  extinction.  At  this  moment, 
when  the  prices  of  lead  and  of  silver  have  fallen  so  low,  there  has 
arisen  a  demand  for  zinc,  which  has  made  the  ores  of  that  metal 
of  substantial  value.  And  blende  or  **  black-jack,"  which  was 
worse  than  useless,  and  an  actual  source  of  trouble  and  of  loss 
to  the  miner,  has  proved,  for  the  time  being  at  any  rate,  the  salva- 
tion of  the  industry.  For  the  Alston  mines,  or  many  of  them, 
are  rich  in  sulphide  of  zinc,  and  with  the  transfer  which  Mr. 
Nail  chronicles  from  the  London  Lead  Comi)any  to  the  Nenthead 
and  lVne<lale  Lead  and  Zinc  Company,  a  fresh  chapter,  which 
is  of  some  interest,  was  opened  in  the  history  of  the  mines. 

The  mines  were  taken  over  from  the  London  Company  with 
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the  object  of  working  the  zinc-oree  on  the  property,  in  order  to 
furnish  supplies  to  the  zinc-works  at  Tindale  Fell.  These  works 
were  originally  built  by  Mr.  James  Henry  Attwood,  one  of  the 
brothers  of  a  famous  and  very  able  family,  of  whom  the  best 
known  in  the  north  was  Mr.  Charles  Attwood,  the  founder  of  the 
Weardale  Iron-works. 

The  perception  of  the  fact  that  there  was  a  future  for  zinc, 
and  the  selection  of  the  site  for  the  works,  was  evidence  of  the 
acumen  and  remarkable  judgment  of  Mr.  Attwood.  He  had  all 
Britain  to  choose  from,  and  he  certainly  managed  to  make  choice 
of  the  one  spot  in  which  the  greatest  number  of  favourable  con- 
ditions were  present.  On  the  death  of  Mr.  Attwood,  the  works 
passed  into  the  hands  of  the  company  which  eventually  purchased 
the  Alston  mining  properties  of  the  London  Lead  Company. 

The  Nenthead  and  Tynedale  Lead  and  Zinc  Company 
immediately  commenced  the  active  development  and  working 
of  the  deposits  of  blende  in  the  Nenthead  mines,  with  results 
which  gave  a  fresh  leaae  of  life  to  the  mining  industry.  The 
importance  of  this  change  in  operations  will  be  noted  in  the 
following  figures  of  production.  In  the  last  year  of  the  London 
Lead  Company's  working,  the  zinc-ore  raised  was  about  1,500 
tons.  In  the  first  and  subsequent  years  of  the  Nenthead  and 
Tynedale  Lead  and  Zinc  Company's  operations,  the  quantities 
raised  were  as  f ollows  :  — 1883,  2,276  tons;  1884,  2,650  tons; 
1886,  3,034  tons ;  1886,  3,117  tons ;  1887,  3,206  tons ;  1888,  3,820 
tons  :  1889,  4,010  tons ;  1890,  3,830  tons ;  1891,  3,940  tons ;  1892, 
5,208  tons;  1893,  5,378  tons;  1894,  5,449  tons;  and  1895,  5,650 
tons. 

At  this  latter  date,  the  lease  of  the  land  on  which  the  zinc-works 
were  built  having  expired  ;  it  was  found  impossible  to  obtain  a  re- 
newal of  the  lease  on  practicable  terms,  and  the  mines  were  sold 
to  the  Vieille  Montague  Company,  Liege.  The  ore  is  now  con- 
veyed to  their  smelting-works  on  the  Continent,  and  so  the  very 
interesting  and  serviceable  work  of  the  manufacture  of  metallic 
zinc  came  to  an  end  in  the  North  of  England.  The  Belgian  com- 
pany (the  largest  makers  of  zinc  in  the  world)  being  wealthy  and 
enterprising,  have  continued  to  develop  and  to  extend  largely  the 
workings  for  zinc-ore,  so  that  the  produce  of  blende  from  the 
Xenthead  mines  for  the  year  1902  was  about  8,000  tons.  The 
Company  have  leased  the  mines  in  the  adjoining  valley  of  West 
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Allen,  and  are  raising  there  also  large  quantities  of  zinc-ore. 
These  mines  were  standing,  and  owe  their  resuscitation  entirely  to 
the  blende  that  they  contain,  the  lodes  being  for  the  most  part  the 
same  as  those  on  the  Nenthead  side  of  the  hill.  The  number  of 
persons  at  present  employed  in  and  about  the  mines  by  the  Vieille 
Montagne  Company  is  upwards  of  300,  and  the  money  disbursed, 
about  £40,000  per  annum. 

The  utilization  of  the  ores  of  zinc  has,  therefore,  made  a  com- 
plete and  most  welcome  change  in  the  present  condition  of  mining 
in  the  Alston  district.  But  the  question  which  seems  by  far  the 
most  interesting  and  the  most  important,  both  from  a  scientific 
and  economic  point  of  view,  concerns  the  future  of  these  mines. 
Mr.  Nail  says  that  **  every  stratum  between  the  Grindstone 
Sill  and  the  Whin  Sill  has  been  pierced  by  the  lead-miner  in  his 
search  for  ore."  This  is  no  doubt,  speaking  generally,  correct, 
and  the  problem  to  be  solved,  and  on  the  solution  of  which  depends 
the  future  of  metalliferous  mining  in  Alston  moor,  is,  whether 
the  strata  below  the  Whin  Sill,  say,  down  to  and  including  the 
Melmerby  Scar  Limestone,  will  prove  to  be  ore-bearing  or  not!** 
Looking  at  the  section  with  its  strong  beds  of  limestone  and 
hazle  and  comparatively  small  intermixture  of  plate,  it  does  not 
seem  unreasonable  t^  expe<*t  that  veins  in  these  lower  strata  should 
be  productive.  It  must  be  owned  that  the  general  opinion  of 
mining-engineers  is  not,  on  the  whole,  favourable  as  to  the  results 
of  the  deeper  mining.  Hut  those  directing  the  operations  in  the 
Alston  mines  for  the  Vieille  Mcmtagne  Company,  hold  strongly  to 
an  opposite  opinion,  and  affirm  their  conviction  that  mines  will 
be  opened  in  the  lower  strata  as  rich  as  any  that  have  ever  been 
worked  nearer  the  surface.  This  is  the  all-important,  the  truly 
vital,  question  for  the  future  of  this  wonderful  old  mining  field. 

Tp  to  the  present,  there  does  not  appear  to  l>e  sufficient 
authentic  information  on  which  to  base  an  opinion  which  might 
be  expressed  with  confidence.  In  but  very  few  places  in  the  dis- 
trict has  work  been  done  below  the  Whin  Sill.  A  few  mines 
have  been  worke<l  with  some  success  in  the  Whin  Sill  itself.  At 
Ilodderup,  west  of  Alston,  where  the  Whin  Sill  is  180  feet  thick, 
there  is  a  good  mine  in  it.  But  below  the  Whin  Sill,  where  some 
not  extensive  work  was  done,  the  vein  pn>ved  poor.  At  Burtree- 
pasture  and  on  the  Slitt  vein  to  the  east  of  Alston,  some  trials  were 
made  under  the  Whin  Sill,  with  fair  results  at  the  Slitt  mine  and 
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rather  poor  at  Burtree-pasture  mine.  At  Greenhurth  mine,  in 
Upper  Teesdale  south  of  Alston,  the  Whin  Sill  was  proved  240 
feet  thick,  the  vein  carried  ore  all  the  way  down  ;  but  nothing  was 
dott©  below  the  Whin  iSill,  ass  when  the  bottom  was  reached,  the 
water  was  found  in  such  quantity  as  to  drown  the  mine.  At 
Settlingstones  mine,  north  of  Alston,  and  on  the  north  of  the 
Tyne  river,  the  Whin  Sill  is  108  feet  thick.  The  lode  of  carbonate 
of  baryta  carried  ore  through  the  Whin  Sill.  The  workings  are 
now  120  feet  below  the  Whin  Sill  on  the  down  cheek,  and  the 
lode  is  here  as  pure  and  productive  as  it  has  ever  been  in  the 
upper  strata. 

The  Vieille  Montague  Company  are  engaged  in  proving  the 
lower  beds  by  an  important  sinking  which  they  are  making  on 
Bampgill  vein.  They  are  already  about  300  feet  below  what  has 
hitherto  been  known  as  Rampgill  low-level.  At  their  last  proof, 
by  cross-cutting  from  the  shaft  at  the  Three-yards  Limestone,  the 
vein  carried  good  lead-ore.  A  certain  importance  is  attached 
to  this  trial,  as  it  is  immediately  below  the  very  heavy  plate  known 
as  the  Eleven-fathoms  Plate.  There  was  no  ore  whatever  in  the 
lode  in  the  plate ;  in  the  Natrassgill  Hazle,  above  the  plate,  zin(»- 
ore  was  present,  and  in  the  limestone,  below  the  plate,  galena  was 
found  alone.  It  is  intended  to  sink  down  to  and  prove  all  the  strata 
to  the  Melmerby  Scar  Limestone. 

The  Rev.  W.  Nall  said  that  the  lead-industry  of  Alston — if  he 
might  apply  the  term  "  industry  "  to  the  process  of  picking  out 
pieces  of  lead-ore  from  the  bed  of  the  Tyne  and  its  tributaiy 
streams — was  probably  as  old  as  the  Roman  occupation  of  that 
district.  Lead-mining  appeared  to  have  been  in  a  prosperous  con- 
dition under  the  Plantagenet  and  Tudor  kings  of  England,  but 
it  declined  under  the  Stuarts.  It  revived  in  the  reign  of  George  I., 
and  was  very  prosperous  throughout  the  reigns  of  the  four  succeed- 
ing kings  and  the  first  decade  of  the  reign  of  Queen  Victoria. 
Speculation  upon  the  future  of  lead-mining  in  Alston  moor  or 
in  any  of  their  northern  dales  would  be  an  unprofitable  exercise. 
The  mineral-resources  of  the  world  were  being  rapidly  developed ; 
lead-ore  was  now  being  obtained  from  foreign  countries  in  large 
quantities  and  at  low  rates.  The  carriage  of  lead  from  over-sea 
to  Newcastle  cost  little  more  than  the  carriage  from  Alston, 
Teesdale  or  Weardale.     But,  while  it  was  well  to  recognize  these 
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facts,  we  should  not  despair  of  making  further  discoveries  in  the 
unexplored  portions  of  our  mineral- veins,  and  we  might  reckon 
among  the  possibilities  of  the  future  the  utilization  of  the  contents 
of  the  Oreat  Sulphur  vein.  Let  us  hope  that  in  the  meantime  the 
demand  for  blende,  limestone,  and  crow  coal  might  not  only  be 
maintained,  but  increased.  Why  should  we  not  indulge  the 
hope  that,  as  in  the  past,  a  long  period  of  depression  was  followed 
by  a  period  of  great  prosperity,  so  in  the  future — near  or  remote — 
the  present  depression  would  be  succeeded  by  a  revival  in  the  staple 
industry  of  the  northern  dales. 

The  President  (Sir  Lindsay  Wood,  Bart.)  said  there  was 
no  doubt  that  the  fall  in  the  price  of  lead  was  one  of  the 
greatest  drawbacks  to  the  working  of  lead-mines  in  this  country. 
Spanish  and  other  mines  were  worked  entirely  for  silver,  lead  being 
a  bye-product,  and  being  sent  over  to  this  country  practically  as 
ballast.  He  had  pleasure  in  moving  a  vote  of  thanks  to  Mr.  Nail 
for  his  interesting  paper. 

Mr.  M.  Walton  Brown  seconded  the  resolution,  which  wa* 
cordially  approved. 


A  paper  was  read  by  Mr.  H.  Humfuris  on  the  "  Driving  of  an 
Inclined  Tunnel  496  yards  long  and  a  Tunnel  842  yards  long,  and 
a  Description  of  a  New  Method  of  Slate-quarrying  in  North 
Wales.'* 

The  President  (Sir  Lindsay  Wood,  Bart.)  moved  a  vote  ot 
thanks  to  Mr.  Humphris  for  his  paper. 

The  resolution  was  cordially  approved. 


Mr.  Loiis  P.  Bowler's  **  Notes  on  the  Gold  Coast  of  West 
Alrira  "  wore   n\\i\  as   follows: 


THE  GOLD  COAST  OF   WEST   AFRICA.  61 


NOTES  ON  THE  GOLD  COAST  OF  WEST  AFRICA. 


By  LOUIS  P.  BOWLER. 


The  writer's  investigations  have  extended  over  an  area,  60 
miles  inland  and  100  miles  along  the  coast,  taking  the  town  of 
Axim  as  a  centre,  and  as  far  north  as  Bonsa  river  and  Tumento, 
thence  in  a  line  to  Essuasu  on  the  Tarkwa-Sekondi  railway,  thence 
t)  Mansu  and  the  Disc  Cove  district  as  the  eastern  portion,  and 
Appollonia,  Tano  river  and  the  Ivory  Coast  as  the  western  portion. 

The  country  is  dotted  with  shallow  shafts  and  native  pits,  and 
of  the  latter  there  are  thousands,  some  old  and  some  modern. 
The  old  workings  are  shown  in  the  indents,  or  basin-shaped 
I10II0W89  carrying  trees  of  large  girth  and  great  age.  The  modern 
shafts  are  indicated  by  the  absence  of  overgrowth  and  weather- 
womness;  and,  of  the  latter,  it  must  not  be  thought  that  all 
these  workings  are  for  gold,  or  indicate  the  existence  of  gold-reefs. 
The  wily  native  requires  no  teaching  how  to  salt  a  mine,  or 
how  to  make  a  glowing  statement  by  emphasizing  the  fact  that 
his  property  possesses  old  native  workings.  Cunning  to  the 
utmost,  he  knows  that  by  dotting  his  property  with  small  holes, 
they  pass  as  native  workings,  and  add  to  the  value  of  his  estate. 

But  apart  from  these  latter-day  holes  there  are,  without  doubt, 
indelible  signs  of  the  vast  industry  of  the  ancient  gold-workers, 
whose  diligence  was  boundless,  and  whose  knowledge  of  the  value 
of  the  numerous  outcrops  was  unrivalled. 

The  general  formation  of  the  country  lends  itself  to  primitive 
methods  of  mining,  and  to  the  easy  extraction  of  the  gold  from 
oxidized  bands  of  quartz  lying  in  a  clay-slate  formation,  and  from 
alluvial  deposits  in  the  valleys  and  rivers. 

The  surface  of  the  country  is  entirely  covered  with  alluvial 
or  drift-deposits,  principally  derived  from  the  fractured  and 
weatherworn  quartz- veins  and  lodes  that  intersect  the  strata. 

An  examination  of  the  outcrops  of  the  lodes  show  that  a 
large  proportion  have  been  tilted  at  various  angles  from  what  was 
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probably  their  original  horizontal  position.  These  beds  are  com- 
posed of  semi-solid  layers  of  quartz,  resting  on  clay-slates  and 
sandstones. 

The  quai-tz  shows  a  mass  of  fractured  pieces,  cemented  to- 
gether and  encased  in  silica.  This  ''  quartz-conglomerate  *'  is 
common  throughout  the  district  visited  by  the  writer.  In  some 
places  it  is  of  a  bluish  tinge  with  red  oxidized  stains,  mixed  with 
white  silica ;  in  other  places,  it  consists  of  dark  brown,  oxidized 
matter,  and  dull  whitish  quartz  stained  yellow,  and  in  others  it 
is  a  black  stained  quartz.  These  auriferous  beds  occur  in  chlor- 
itic  schists  and  diorites  in  some  districts. 

Many  of  these  layers  of  detrital  matter  lie  in  geological 
sequence;  and  it  would  appear  that  they  were  formed  during 
successive  periods  of  dynamical  disturbance,  during  which  sedi- 
mentary deposits  were  spread  over  basins  or  planes  then  lying  in 
horizontal  positions.  Later,  these  beds  were  disturbed  by  U|)- 
heavals  and  tilted  at  high  angles,  together  with  the  enclosing 
slates  and  sandstones.  This  action,  being  long-continued,  has 
produced  an  enormous  number  of  thin  beds  of  alluvium  and 
quartz. 

The  ancient  workings  are  invariably  sunk  on  the  soft  oxidized 
outcrop  of  the  reef ;  and,  where  gold  was  found,  the  miles  of  old 
workings,  in  a  line  on  one  side  of  the  outcrops,  showed  that  the 
leader  hud  been  assiduously  followed.  There  is  no  doubt  that, 
with  their  primitive  tools,  the  ancient  miners  pursued  a  ready 
method  for  the  extraction  of  the  gold,  which  they  found  in  the 
soft  oxidized  portions  of  the  reef. 

In  relation  to  these  surface-beds,  it  would  be  interesting  to 
solve  the  question  as  to  what  becomes  of  them  in  depth.  The 
writer  is  of  opinion  that  eventually  they  will  be  found  to  form 
part  of  a  compact  (luartz-formation. 


Mr.  Edward  Halse  (London)  wrote  that  Mr.  Bowler  spoke  of 
the  lodes  or  beds  being  composed  of  semi-solid  layers  of  quartz, 
he  would  like  to  ask  for  an  explanation  of  the  term  **  semi-solid  ** 
as  used  here.  In  the  following  paragraph,  the  quartx-con- 
glomerate  is  said  to  be  a  mass  of  fractured  pieces  of  quartz 
"  cemented  together  and  encased  in  silica,"*  and  this  also  seems  to 

•  TranM.  Injtf,  M.E,,  1902,  vol.  xxiv.,  page  414. 


DISCUSSION THE   GOLD    COAST   OF    WEST   AFRICA.  68 

demand  an  explanatory  foot-note.  He  (Mr.  Bowler)  also  stated 
that  upheaval  "  long  continued,  has  produced  an  enormous 
number  of  thin  beds  of  alluvium  and  quartz.''*  Here  there  seems 
to  be  a  confounding  of  cause  and  effect,  as  the  alluvial  deposits 
have  undoubtedly  been  upheaved  to  a  certain  extent,  but  they 
clearly  existed  before  that  action  and  could  not  have  been  pro- 
duced by  it.  The  opinion  expressed  by  Mr.  Bowler  in  the  last 
paragraph  was  simply  pure  conjecture,  it  was  not  based  on  any 
kttown  facts,  and  did  not  help  us  at  all  in  our  knowledge  of  the 
West  African  auriferous  seams. 

Mr.  T.  B.  F.  Sam  (Cape  Coast  Castle)  wrote  that  a  few  remarks 
enumerating  the  methods  of  mine-salting  adopted  here,  might  be 
of  great  use  to  the  members: — (a)  Gold  (dust  and  alluvial)  is 
obtainable  in  the  country,  and  it  is  nothing  new  to  receive  a  sample 
full  of  nuggetty  gold,  which  is  easily  detected  by  carefully  sepa- 
rating the  dust  of  the  sample  from  the  rock,  (b)  Pottery  or  firm 
clay  is  used  to  form  an  admixture  with  the  gold  with  which  the 
cavities  in  the  quartz  are  filled,  where  the  dust  is  absent;  and  it  is 
detected  by  crushing  the  quartz  a  second  time,  (c)  Melted  gold 
had  been  detected  in  a  sample  by  the  use  of  a  lens,  (d)  Small 
pieces  of  gold  had  been  cleverly  inserted  in  crevices  of  quartz. 
(e)  Guns  had  been  charged  with  gold  and  fired  against  the  face  of 
a  reef,  producing  specimens,  which  a  true  expert  could  easily  detect 
as  fraudulent.  These  faults  have  been  brought  about  by  the  boom 
producing  many  eager  gold-brokers,  who  without  expert  know- 
ledge take  every  piece  of  quartz  from  anywhere  as  gold-bearing, 
being  even  so  mischievous  as  to  produce  samples  of  decomposed 
granite  to  the  equally  inexperienced  purchaser,  and  no  samples 
thus  obtained  should  command  definite  plans. 

Evidences  of  alluvial  gold-mining  in  the  country,  being  of 
aacient  origin,  is  more  apparent  the  further  inland  one  goes ;  and 
by  the  prehistoric  gads  or  drills  picke<l  up  from  the  seaboard  to 
nearly  170  miles  inland. 

The  absence  of  gold  in  the  quai-tz  of  the  banket  formation 
shows  how  much  the  granite  (the  bed-rock  of  the  country)  had 
been  penetrated  with  strings  of  barren  quartz,  showing  that  there 
are  only  a  few  main  gold-bearing  quartz  reefs,  which  easily  yield 
their  gold-contents,  impregnating  the  pebble-bed  together  with 

•  Trana.  Inst.  M,K,  1902,  vol.  xxiv.,  page  414. 
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the  oxide  of  iron  and  sand  binding  them;  clay  slate  being  the 
recent  sediment,  the  colour  of  which,  dark  ash,  evidences  that  the 
graphite  from  the  west  and  its  gold-contents  have  played  a  great 
part. 

The  President  (Sir  Lindsay  Wood,  Bart.)  moved  a  vote  of 
thanks  to  Mr.  Bowler,  and  stated  that  the  members  were  greatly 
indebted  to  colonial  members  for  many  valuable  papers. 

Mr.  M.  Walton  Brown  seconded  the  resolution,  which  was 
cordially  approved. 

DISCUSSION  ON  MR.  A.  R.  SAWYER'S  PAPER  ON  "  THE 
TARKWA  GOLD-FIELD,  WEST  AFRICA."* 

Mr.  Edward  Halse  (London)  wrote  that  Mr.  A.  R.  Sawyer,  in 
his  valuable  paper,  stated  that  "  it  is  difficult  to  state  definitely 
whether  there  are  several  reefs  in  this  gold-field  or  not,"t  but  he 
described  two  as  occurring  at  Teberibi.  He  (Mr.  Halse),  about 
12  years  ago,  endeavoured  to  show  that  two  reefs,  or  rather  seams^ 
occur  at  Tarkwa,^  while  at  Abosso  four  seams  had  at  that  time 
been  identified,  and  in  the  section  of  the  Wassau  mine,  given 
in  Prof.  Henry  Louis' edition  of  Mr.  John  Arthur  Phillips'  Treatise 
on  Ore-deposUs,  four  reefs  are  shown,  or  three  conglomerate-beds 
and  one  of  quartzose  sandstone. ||  Two  of  the  former,  however,  are 
close  together,  and  probably  form  a  portion  of  one  and  the  same 
reef.  He  (Mr.  Halse)  believed  that  there  is  a  series  of  conglomer- 
ate-beds in  the  Tarkwa  district,  but  how  many  of  these  will  even- 
tually prove  to  bo  auriferous,  is,  of  course,  another  question.  Mr. 
Sawyer  described  the  ore  present  in  the  matrix  of  the  conglomerate 
as  haematite.  The  latter  word  was  evidently  used  in  a  general 
sense,  for,  in  reality  various  oxides  of  iron  are  present,  not  only  in 
the  **  cement,"  but  also  in  layers  in  the  sandstone  among  others 
ilmenite  or  titauiferous  iron,  and  magnetite  may  be  mentioned — 
indeed  the  term  "  black  sand  "  would  perhaps  not  inaptly  describe 
the  occurrence.  There  is  little  doubt  but  that  the  gold  found  in 
the  striped  sandstone  and  conglomerate8  is  of  alluvial  origin,  and 
this  may  account  for  iron-pyrites  not  having  been  found  in  depth. 
To  whatever  ago  the  West  African  conghmierates  may  be  assign- 

•   Tm»^.    In^t,   M,IC.,    1901,   vol.    xxii.,   pa^e  402 ;  and   1902,   vol.    xxUL, 
page  527. 
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able — and  they  are  not  unlikely  to  prove  to  be  much  more  recent 
tkan  Mr.  Sawyer  supposed — a  careful  study  of  them  will  doubt- 
less throw  considerable  li^ht  on  the  genesis  of  the  gold  in  those 
of  South  Africa. 

DISCUSSION  OF   ME.   F.   W.   PAYNE'S   PAPER  ON 
"  GOLD-DREDGING  IN  OTAGO,  NEW  ZEALAND."* 

Mr.  F.  W.  Payne  (Dunedin,  New  Zealand)  wrote  that  since 
writing  his  paper  he  had  had  further  opportunities  of  testing  the 
centrifugal  elevatorst  in  different  classes  of  wash,  and  found  that 
they  work  almost  equally  well  with  fine  as  with  coarse  gravel, 
stone  of  J  cubic  inch  and  less  being  thrown  on  to  the  tailings- 
stack.  The  wind  exercises  some  slight  influence  on  such  small 
particles,  but  as  this  is  as  likely,  in  an  average  locality,  to  be  in 
favour  of,  as  often  as  against,  the  throwing  of  the  stuff,  it  is  not  of 
serious  moment  He  found,  as  would  naturally  be  expecte<l,  that 
it  was  a  great  advantage  to  supply  the  tailings  to  the  machine  as 
free  from  water  as  possible,  as  the  water  not  only  was  a  serious 
additional  load  on  the  machine  but,  when  converted  into  a  spray 
by  the  beaters,  created  a  dense  medium  for  the  stones  to  pass 
through,  and  in  the  case  of  fine  stuff  the  retardation  was  apparent 
As,  however,  it  was  recognized  to  be  a  source  of  loss  of  gold  where 
the  water  was  thus  allowed  to  pass  through  the  screen,  and  was 
also  easily  remedied,  this  did  not  offer  any  obstacle  to  the  adoption 
of  the  elevator. 

He  was  aware  of  the  method  of  operating  a  dredge  by  a  pilot- 
house on  American  dredges,  and  it  might  possibly  have  advantages 
ia  the  localities  where  it  was  used.  In  New  Zealand,  the  success  or 
failure  of  many  claims  depends  upon  cleaning  the  actual  bottom, 
and  to  do  this  effectually  constant  inspection  of  the  buckets  is 
required  as  they  come  up,  and  with  New  Zealand  arrangements, 
the  winch-man  stands  on  the  deck-level  and  regulates  the  depth 
of  dredging  from  there.  From  the  time  when  he  alters  the  angle  of 
the  ladder  to  the  time  when  he  can  observe  the  effect  of  his  altera- 
tion the  buckets  have  to  travel  from  the  bottom  to  the  deck-line, 
but  if  he  was  in  the  pilot-house  above  the  top-tumbler,  the  whole 
length  of  buckets  from  the  bottom-tumbler  to  the  top  would  have 
to  pass  before  he  could  see  what  effect  his  every  movement  on  the 

•  Trans.  Inst.  M.E.,  1902,  vol.  xxiiL,  page  .32. 
t  Ihid.^  voL  xxilL,  page  538. 
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winch  had  made.  Two  men  were  employed  on  Otago  dredges :  one 
to  look  after  the  fire,  and  the  engine  and  machinery,  and  the  other 
to  mind  the  winch  exclusively;  and  he  could  tell  exactly  how  the 
dredge  was  situated  by  marks  on  his  ropes,  through  the  night  a.** 
well  as  in  the  day,  and  could  stop  the  buckets  by  a  clutch  operate<l 
from  the  winch  at  any  time.  He  could  not  see  that  the  placing: 
him  in  an  elevated  pilot-house  would  be  of  any  assistance  to  him, 
and  in  some  respects,  as  already  noted,  it  would  put  him  at  a 
serious  disadvantage. 


DISCUSSION  OF  MR.  FEED  C.  KEIGHLEY'S  PAPER  ON 
"COKE-MAKING  AT  THE  OLIVER  COKE- WORKS."* 

Mr.  Fred  C.  Keighley  (Uniontown,  Pennsylvania)  wrote 
that  in  making  the  statement  that  the  Oliver  coke-works  were  the 
second  largest  in  the  world  (excepting  the  plant  of  Messrs.  Jones 
&  Laughlin  at  Pittsburg  at  that  time  under  construction)  he 
certainly  had  in  view  beehive  oven-plants  only.  Since  the  paper 
was  written,  100  additional  coke-ovens  have  been  adde<l  to  the 
Oliver  coke-plants,  making  a  total  number  of  808  coke-ovens. 

He  agreed  with  Mr.  Greener  in  the  matter  of  oven-spacing ; 
he  believed  that  0  inches  between  oven  and  oven  was  little  enough 
to  allow  for  expansion  ;  and  he  thought  that  part  of  the  excessive 
repair-cost  was  due  to  the  fact  that  the  «pa(»e  between  the  ovens 
was  insufficient.  With  Mr.  Greener,  he  also  agreed  in  the  belief 
that  the  larger  the  oven  the  more  costly  the  repairs,  but  he  thought 
that  this  was  in  a  measure  offset  by  increased  capacity. 

It  would  appear  that  Mr.  Greener  had  misunderstood  that  part 
of  the  paper  which  referred  to  the  materials  used  in  (construct i(m. 
lie  stated  that  '*  it  was  a  mistake  to  use  cement  or  lime  in  the  erec- 
tion ol  coke-ovens,  as  the  latter  acted  as  a  flux  and  destroy Cil  the 
bricks,"  ctc.+  11  Mr.  (ireener  would  refer  to  the  paper,  he  wmild 
find  that  he  (Mr.  Keighley)  stated  that  **  the  brickwork  was  all 
hiid  in  loam-mortar,  without  admixture  of  lime  or  cement. "J 
Their  experience  in  the  Connellsville  coke-region  was  that  loam  is 
better  than  fire-clay  for  laying  the  brickwork  of  the  ovens ;  luul 
it  is  important  to  see  that  the  loam  does  not  carry  iron.  It  is 
possible  that  the  loam  of  this  district  is  a  suin^rior  article.     They 

•  TraiiJt.  ItiAt.  M.K.,  1901,  vol.  xxiL,  page  493  :  1902,  vol.  xxiii.,  page  4H.">  ; 
and  1902,  vol.  xxiv.,  ])agc  ir>K. 

t  //»!>/. .  vol.  xxiii.,  ])agf  488.  ♦  //>iV/.,  vol.  xxii.,  page  496. 
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had  had  little  or  no  trouble  with  ston^-work,  where  lime  or 
cement  was  used,  excepting  that  the  cement  was  apt  to  crumble 
out  in  damp  portions  that  were  exposed  to  the  action  of  very  cold 
weather — this,  however,  had  not  affected  the  walls  very  seriously. 
He  would  not  think  of  using  either  lime  or  cement-mortar  in 
connection  with  the  brickwork  of  the  oven  itself. 

As  Mr.  Greener  anticipated,  they  did  not  draw  the  ovens  solidly 
but  alternately,  having  in  view  the  advantages  to  be  derived  from 
the  proximity  of  a  hot  oven.  He  (Mr.  Keighley)  realized  that 
there  is  a  great  waste  of  gases  under  the  present  practice,  but  the 
Connellsville  coke-region  is  not  yet  in  a  position  to  take  up  the 
bye-product  question.  The  larries  are  so  arranged  that  the  coal 
runs  from  either  side,  as  may  be  desired. 

He  had  experienced  no  great  difficulty  in  burning  either  24, 
48,  72  or  96  hours  coke ;  but,  the  very  beet  results  were  obtained 
from  the  48  hours  burning.  He  had  made  thousands  of  tons  of 
24  hours  coke  in  one  month ;  and  found  no  difference  in  the 
quality  of  the  coke,  excepting  that  it  was  much  shorter  in  length 
than  the  longer  burnings  produced ;  but  it  would  be  well  to  say 
in  that  connection  that  the  success  in  making  24  hours  coke 
depends  largely  upon  quick  work. 

He  (Mr.  Keighley)  took  no  stock  in  the  theory  (which  Mr. 
Greener  quoted  and  also  deprecated)  that  in  order  to  obtain  coke  in 
the  best  possible  mechanical  condition,  it  should  be  allowed,  as 
coke-burners  describe  it,  "  to  soak  in  the  oven  ''  for  6  or  7  hours 
after  it  was  burnt  off.*  He  found,  by  actual  experiment,  that  the 
standing  over  of  a  charge  after  it  had  been  burnt  off  resulted  in 
loss  or  wasting  of  the  coke — a  period  of  10  hours  showing  a  loss  of 
5  per  cent,  in  weight.  In  the  matter  of  breeze,  which  in  their 
practice  amounted  to  about  3  per  cent.,  he  might  state  that  this  was 
due  largely  to  the  large  spaced  coke-fork  used  in  the  Connellsville 
region,  the  space  between  the  tines  being  1^  inches.  Forks  had 
been  tried  with  |  inch  tines,  but  the  coke-consumer  objected  to 
the  increased  quantity  of  small  coke  resulting  therefrom. 

As  everything  in  the  way  of  drawing  and  loading  was  done  by 
hand,  no  great  reduction  in  the  cost  of  production  could  be 
expected,  even  in  new  plants.  The  cost  of  labour  in  the  Connells- 
ville coke-region  was  continually  on  the  increase,  and  no  reduc- 
tion in  labour-costs  could  be  obtained  without  the  introduction  of 
♦  Traiu*,  Inst.  M.E,,  1902,  vol.  xxiii.,  page  488. 
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machinery  in  the  drawing  and  loading  operations,  and  this,  so  far 
as  relates  to  the  Connellsville  coke-region,  was  still  in  an  experi- 
mental stage. 

The  great  thickness  of  the  seam  admitted  of  comparatively 
cheap  mining;  yet  this  cost  was  also  on  the  increase,  as  that  work 
was  also  hand-work,  and  so  far  machines  had  not  been  successful 
in  the  Connellsville  seam. 


Mr.  T.  E.  FoRSTER  read  the  foIh)wing  paper  on  the  **  Tntler- 
sea  Coal  of  the  Northumberland  Coast":  — 
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UNDERSEA  COAL  OF  THE  NORTHUMBEELAND 
COAST. 


By  T.  E.  FORSTER. 


Introduction. — The  Northumberland  coal-field  extends  along 
the  southern  portion  of  the  Northumberland  coast,  from  the  Coquet 
to  the  Tyne,  a  distance  of  about  24  miles  (Fig.  1,  Plate  X.). 

Roughly  speaking,  the  direction  of  the  general  dip  of  the 
measures  is  a  little  to  the  south  of  east,  the  line  of  outcrop  com- 
mencing on  the  north  at  the  mouth  of  the  river  Coquet,  and 
running  thence  south-west  by  south. 

This  direction  of  the  dip  may  be  said  to  continue  over  the 
whole  of  the  field,  until  a  line  is  reached,  eastward  of  which 
the  beds  commence  to  rise  in  a  south-easterly  direction.  The 
course  of  this  syncline  is  north  by  east,  and  nearly  at  right  angles 
to  the  direction  of  the  general  line  of  dip.  The  northern  end 
of  the  syncline  passes  under  the  sea  near  the  river  Wansbeck, 
and  the  southern  end  runs  beyond  the  river  Tyne,  into  the  county 
of  Durham,  between  Wallsend  and  Walker. 

The  average  rate  of  dip  is  veiy  moderate,  and  the  field  is  not 
troubled  by  heavy  faulting.  With  the  exception  of  two  large 
faults  near  the  mouth  of  the  river  Coquet,  the  Wansbeck  fault, 
and  the  ninety-fathoms  dyke  at  the  southern  end  of  the  field, 
near  the  river  Tyne,  all  with  an  east-and-west  course,  there  are 
no  faults  of  unusual  magnitude. 

Coal'Seums, — The  upper  series  of  seams,  which  have  been 
chiefly  worked  in  the  eastern  portion  of  the  field,  along  the  sea- 
board, are,  the  High  Main,  Grey  or  Main  Coal,  Yard  Seam  and 
Low  Main.  The  lower  seams,  consisting  of  the  Beaumont,  Busty 
and  Brockwell,  have  only  been  opened  up  to  a  limited  extent, 
but  will  doubtless  come  into  working  on  a  much  more  extended 
scale  as  they  are  required.  The  vertical  distance  from  the  High 
Main  to  the  Brockwell  seam  is  about  750  feet. 

▼OL.  Lni.~ig»i-iMt.  6 
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The  extreme  northern  part  of  the  field,  in  the  vicinity  of  the 
river  Coquet,  appears  to  be  occupied  chiefly  by  the  lower  seams, 
but  it  has  never  yet  been  possible  to  correlate  them  exactly  with 
the  seams  of  the  district  to  the  south.  Between  the  two  portions 
of  the  field,  there  is  a  belt  of  ground,  the  exploration  of  which 
has  not  so  far  yielded  satisfactory  results.  Such  proofs  as  have 
been  made,  point  to  alterations  in  the  character,  not  only  of 
the  coal-seams,  but  also  of  the  be<l8  associated  with  them,  and 
the  fact  that  the  lower  seams  near  the  Coquet  bear  no  resemblance 
tr»  those  occupying  the  ground  to  the  south,  forms  a  barrier  to 
their  complete  identificaticm,  which  will  probably  never  be 
entirely  removed. 

The  principal  seams  of  the  Co(|uet  district  ave : — The  Rad- 
dift'e,  Albert,  Queen,  Princess,  Duke  and  Yard  seams,  which  are 
found  in  a  vertical  distance  of  about  400  feet.  The  Radcliffe 
seam  is  supposed  by  some  to  be  the  Low  Main,  and  the  Princess, 
the  Beaumont  of  the  Blyth  and  Tyne  district,  but,  apparently, 
this  is  a  mere  speculation. 

The  following  is  a  brief  description  of  the  conditions  under 
which  the  various  seams  exist  along  the  coast-line.  Commencing 
at  the  mouth  of  the  river  Tyne,  and  passing  northward,  to  Seaton 
Sluice,  the  measures,  owing  to  the  synclinal  axis  above  mentioned, 
have  a  south-easterly  or  seaward  rise;  and,  consequently,  the 
upper  seams  crop  out  practically  along  the  coast-line.  The  lower 
jopams  have  never  been  worked  in  this  vicinity,  but  probably 
cxtenil  seaward  for  some  distance  under  a  workable  thicknc^ss 
of  cover.  The  trend  of  the  coast,  passing  northward,  is  to  the 
vrvM  of  north:  and,  conse(|uently,  the  synclinal  axis  approaches 
the  shon»-linc  and  the  seams  along  it  assume  a  heavier  cover. 
The  section  (Fig.  2,  Plate  X.),  from  Hartley,  past  Se;it4>n 
Sluice  and  Blyth,  through  Xewbiggin  and  noiihwanl  to  the 
mouth  ot  the  river  Lyne,  is  intended  to  shew  approximately  the 
position  ot  the  beds  along  this  section  of  the  coast. 

Alonjr  <lie  s«»u<hern  part  of  the  line,  the  cover  is  gradually 
increasing,  as  the  line  of  the  section  approaches  nearer  to  the  syn- 
clinal axis,  the  Low  Main,  off  the  mouth  ot  th<»  river  Blyth,  lying 
at  a  depth  of  alxiut  400  feet  below  sea-level,  000  feet  at  Cambois, 
with  a  fuither  dip  <»f  alxmt  150  feet  to  Xewbiggin  bay,  where 
the  large  ilownihrow-fault  to  the  north,  known  as  the  Wansbeck 
fault,  is  found.     NoHh  of  this  the  beds  rise  ver>'  rapidly,  until 
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they  pass  beyond  the  region  of  the  fold  caused  by  the  fault,  and 
regain  their  normal  level  and  rate  of  dip.  Beyond  the  Wansbeck 
fault,  they  are,  however,  unexplored  along  the  coast-line,  and 
that  portion  of  the  section  is  compiled  from  such  information  as 
can  be  got  from  data  obtained  slightly  further  inland.  The  belt 
of  doubtful  ground  described  above,  commences  north  of  the  river 
Lyne,  passes  Cresswell  and  stretches  into  Druridge  bay. 

Half-way  up  Druridge  bay,  at  the  mouth  of  the  Chibburn,  the 
Coquet  district  of  the  coal-field  may  be  said  to  commence  with  the 
southern  limit  of  the  workings  of  Broomhill  colliery,  abutting 
on  an  east-and-weat  fault.  Beyond  this,  the  seams  lie  regularly 
for  a  considerable  distance  along  the  shore-line,  with  a  gentle 
inclination  to  the  east,  until  they  come  within  the  line  of  in- 
fluence of  the  first  of  the  two  great  faults  previously  mentioned, 
towards  which  they  dip  heavily.  This  fault  is  computed  to  throw 
up  the  beds,  480  feet,  to  the  noi-th ;  and  the  second  fault  (met  with 
about  J  mile  farther  on)  has  a  throw  of  about  600  feet  in  the  same 
direction.  Beyond  this,  the  beds  rise  to  their  natural  outcrop 
north  of  the  mouth  of  the  river  Cocjuet. 

Coast-line. — So  far  as  surface-features  go,  the  coast-line  con- 
sists of  a  series  of  rocky  points,  alternating  with  long  bays,  the 
shores  of  which  are  occupied  by  hills  of  blown  sand,  capping  the 
Boulder-clay,  which,  generally  speaking,  covers  the  whole  of  the 
low-lying  flat-country  in  the  immediate  neighbourhood  of  the 
coast. 

The  promontories  usually  mark  the  lines  of  east-and-west 
faults,  against  which  the  clay  generally  attains  its  greatest  thick- 
ness, thinning  gradually  in  the  direction  of  the  rise  of  the  under- 
lying measures  (Fig.  2,  Plate  X.). 

At  Cambois  pit,  the  clay  is  upwards  of  80  feet  thick,  gradually 
decreasing  southward  to  North  Blyth  rocks,  and  re-appearing 
on  the  southern  side  of  the  river,  where  it  lies,  about  ()()  feet  in 
depth,  against  the  cheek  of  the  fault,  which  forms  the  noi-thern 
side  of  the  entrance-channel  to  Blyth  Harbour  and  thinning  again 
along  Blyth  Bay  to  Seaton  Sluice. 

The  bed  of  the  sea  may  be  described  as  shelving  gradually 
eastward.  The  different  submarine  contour-lines  have  a  regular 
and  uniform  course:  the  variations  in  their  distance  from  the 
shore,  being  due  almost  entirely  to  irregularities  in  the  coast- 
line. 
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The  average  distance  of  the  50  feet  line  of  soundings  from 
high-water  mark  may  be  taken  at  about  1  mile,  and  that  of 
the  100  and  150  feet  lines  at  about  2  and  4  miles  respectively. 
Except  in  the  vicinity  of  the  promontories,  the  sea-bottom  is 
apparently  entirely  covered  with  sand,  and  the  distance  to  which 
the  clay  found  along  the  shore-line  extends  seaward  is  altogether 
unknown  and  is  likely  to  remain  so. 

The  fact  that  the  distance  to  which  the  clay-capping  extends 
seaward  is  unknown,  together  with  its  liability  to  be  thrown  out 
by  faults,  unfortunately  renders  it  imprudent  to  take  it  into  con- 
sideration as  an  important  factor  of  safety  in  fixing  the  limit 
of  cover  for  comparatively  shallow  workings. 

The  strata,  comprising  the  Coal-measures,  consist  of  ordinary 
beds  of  sandstone  and  shale,  with  thin  beds  of  fire-clay,  generally 
forming  the  thill  or  floor  of  the  coal-seams.  The  sandstones,  or 
"  posts,"  are  usually  somewhat  open  in  nature,  and  generally  pass 
water  freely ;  the  shales,  or  **  metals,"  are  closer  and  more  water- 
tight; while  the  clays  are  still  more  impervious  to  water.  The 
district  is  by  no  means  heavily  watered ;  and,  as  a  rule,  a  great 
part  of  the  expense  conseiiuent  on  drainage  is  due  to  the  dilii- 
culty  of  concentrating  the  underground  feeders  through  the  un- 
dulating nature  of  the  beds,  rather  than  to  the  actual  quantity 
of  water  to  be  raised  to  the  surface. 

The  average  composition  of  the  strata  overlying  the  Low 
Main  seam  at  the  North  Seaton,  Cambois  and  Cowpen  collieries 
is  as  follows  :  — 


North  SeutOD. 
Per  Cent. 

Caiiiltoin. 
Percent. 

Cuwiien. 
Per  CVut 

Sandstones           42-17 

56-64 

45-34 

Shales,   and   shales  with  thin  beds  of 

sandstone      47 '97 

27-31 

40-86 

Coal-seanis            4*78 

4-25 

3-73 

Fire-clays 5*08 

11-80 

10-07 

Undcrsea-Uftrkings. — The  principal  undersea-workings  in  the 
district  are  those  which  have  been  carried  on  for  many  years  by 
the  Cowpen  Coal  Company,  Limited,  a  description  of  which  may 
be  of  interest. 

Xortfi  Seaton  Colliery, — The  earliest  uudersea-workings  were 
commenced  from  North  Seaton  colliery  in  1872,  in  the  Low  Main 
seam.    This  seam  lies  at  a  depth  of  about  070  feet  below  sea-level 
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at  high- water  mark,  and  is  5  feet  in  thickness,  with  a  fairly  good 
roof.  A  barrier,  300  feet  in  width,  was  left  near  low-water  mark, 
and  in  accordance  with  the  requirements  of  the  Crown  agenty 
acting  under  the  provisions  contained  in  the  Crown  lease,  pillars 
were  left  for  the  support  of  the  overlying  strata,  amounting  to 
about  40  per  cent,  of  the  seam. 

In  the  first  instance,  an  attempt  was  made  to  take  out  the 
whole  of  the  60  per  cent,  to  be  worked  in  one  operation :  pillars 
being  formed  13i  feet  wide,  and  90  feet  long,  the  bords  being 
(biven  18  feet  wide  and  the  walls  7  feet  wide.  It  was  found, 
however,  that,  after  a  certain  amount  of  ground  had  been  worked 
in  this  way,  a  creep  came  on,  and  the  face  was  difficult  to  keep 
open. 

Recourse  was  then  had  to  larger  pillars:  the  dimensions 
being  fixed  at  45  feet  wide  by  90  feet  long,  with  18  feet  bords  and 
7  feet  walls.  After  these  had  been  carried  forward  some  distance, 
the  pillars  were  split  by  means  of  an  18  feet  bordways  split,  the 
splitting  being  commenced  at  the  inbye-end  of  each  district  and 
brought  back  in  the  same  way  exactly  as  in  broken  working.  The 
result  of  this  altered  mode  of  working  was  that  the  creep  was 
avoide<l,  and  the  60  per  cent,  of  coal  was  successfully  extracted. 

The  workings  in  this  seam  were  carried  seaward  for  a  distance 
of  about  IJ  miles  from  high-water  mark,  the  seam  seaward 
having  a  slight  rise  to  the  south-east,  and  a  heavier  dip  to  the 
north-west  at  the  northern  extremity  of  the  workings.  The 
workings  have  not  been  extonded  seaward  since  1887,  although 
a  large  quantity  of  coal  has  been  extracted  nearer  to  low-water 
mark ;  and,  in  this  case,  the  seam  has  been  worked  on  the  ordinary 
bord-and-pillar  system,  and  the  pillars  removed  in  the  usual  way. 

A  commencement  has  recently  been  made  to  work  the  over- 
lying Yard  seam  under  the  sea,  under  a  cover  of  490  feet  at  high- 
water  mark.  The  seam  is  about  2  feet  8  inches  thick,  with  a 
good  roof,  and  is  worked  entirely  on  the  longwall  system.  The 
gateways  are  made  33  feet  apart,  and  the  spaces  between  them 
are  carefully  packed  with  stone.  The  face  of  these  workings 
is  now  about  i  mile  from  high-water  mark,  and  the  workings  are 
lying  entirely  over  the  old  workings  of  the  Low  Main  seam, 
180  feet  below.  No  barrier  is  left  in  this  seam  between  the  land- 
coal  and  sea-coal. 

The  limit  of  cover,  up  to  which  the  whole  of  the  coal  may  be 
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extracted,  is  fixed  at  270  feet,  and  provision  is  made  in  the  lease 
for  the  exploration  of  the  ground  in  advance  of  the  longwall  work- 
ings (after  the  area  already  explored  in  the  Low  Main  seam  has 
been  worked  over)  by  means  of  a  drift  to  be  carried  seaward, 
160  feet  in  advance  of  the  face,  in  order  to  ascertain  the  position 
of  any  intersecting  faults.  It  is  further  provided  that  30  feet 
of  coal,  at  least,  shall  be  left  against  all  faults  having  a  throw  of 
more  than  30  feet,  or  of  which  the  cheeks  are  more  than  2  feet 
apart,  although  roads  may  be  carried  through  such  barriers 
where  recjuired  in  the  ordinary  course  of  working. 

Camhois  CoUiery, — The  working  of  the  undersea  coal  at  Cam- 
bois  colliery  was  commenced  in  1882,  in  the  Low  Main  seam 
(about  4J  feet  thick)  and  at  a  depth,  at  high-water  mark,  of  about 
670  feet.  As  at  North  Seaton  colliery,  it  was  at  first  required 
that  40  per  cent,  of  the  coal  should  be  left,  in  the  shape  of  small 
pillars.  Considering  the  difficulty  of  working  the  small  pillars, 
the  great  loss  of  coal  caused  by  leaving  them,  and  the  depth 
beneath  the  sea-bed,  it  appeared  to  the  lessees,  that,  provided 
proper  precautions  were  taken,  no  danger  (!Ould  result  from  the 
totiil  extraction  of  the  coal  up  to  a  certain  limit  of  cover.  It 
was  argued  that,  although  large  goaves  had  been  formed  for 
many  ycai-s  in  the  Low  Main  seam  under  the  land-area  worked 
by  the  company,  and  the  Yard  seam  had  subsecjuently  been 
worked  alK>vo  these  goaves,  without  any  appearance  of  disturb- 
ance duo  to  the  working  of  the  Low  Main  seam,  and  without  the 
downward  disappearance  of  any  of  the  water  of  the  Yard  seam,  it 
might  reiisonably  be  assume<l  that  the  intervening  strata,  180  feet 
in  thickness,  would  l)e  sufficient  t^  guard  against  feeders  from 
above  the  level  of  the  Yard  seam  being  brought  down  to  the  Low 
Main  seam,  and  that  a  further  allowance  would  place  any  fear  of 
disaster  from  the  removal  of  the  pillars  of  the  Low  Main  seam 
beyond  any  reasonable  doubt. 

Application  was  then  made  U^  the  Crown  authorities,  and 
permission  was  accorded  to  work  out  the  whole  of  the  coal  lying 
under  a  cover  of  300  feet,  under  certain  conditicms,  the  chief  of 
which  were  as  follows  :  — 

1.  In  the  case  of  longwall  workings,  the  driving  of  exploring 
drifts  300  feet  in  a^lvance  of  the  actual  workings,  on  the  lines 
of  the  intended  main  roads. 
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2.  In  the  case  of  bord-and-pillar  workings,  the  provision  of 
barriers,  150  feet  thick,  along  the  side  of  the  main  roads,  and 
of  60  feet  barriers  along  the  **  side,"  or  branch,  roads,  with  the 
idea  of  forming  the  workings  into  panels  and  isolating  these 
panels,  so  as  to  enable  any  one  of  them  to  be  dammed  off  in  case  of 
heavy  feeders  being  met  with. 

3.  The  provision  of  barriers  of  coal,  (iO  feet  wide  along  the 
sides  of  any  faults  met  with,  having  a  throw  of  18  feet  or  upwards, 
or  having  cheeks,  2  feet  apart  or  upwards. 

These  workings  have  since  been  carried  on  most  successfully, 
and  very  large  goaves  have  been  formed  under  the  bord-and- 
pillar  system,  without  any  packing  or  support  being  put  in,  and 
without  any  more  water  being  met  with  than  is  usually  the  case 
under  the  land  under  similar  conditions. 

The  winnings  have  been  driven  seaward  for  a  distance  of 
about  IJ  miles  from  high- water  mark,  and  have  been  stopped  for 
flome  years  owing  to  a  splitting  of  the  seam  which,  it  is  hoped, 
may  prove  local,  and  may  eventually  be  passed  through.  The 
main  winnings,  to  the  east  of  the  shaft,  have  risen  slightly ;  and, 
presumably,  are  just  on  the  eastern  side  of  the  synclinal  axis 
which  appears  to  lom  towards  Newbiggin  point. 

Cmppen  Colliery, — The  working  of  the  undersea  coal,  at  Cow- 
pen  colliery,  was  commenced  in  the  Low  Main  seam  (about  4  feet 
thick),  from  the  Mill  pit  in  1888.  The  ground  worked  to  this 
pit  is  on  the  eastern  side  of  the  syncline,  and  the  seams  rise 
regularly  to  the  south-east  at  a  gradient  of  about  1  in  75.  The 
winnings  were  driven  seaward  for  a  distance  of  about  J  mile 
from  high- water  mark,  when  a  disturbance,  probably  forming 
part  of  the  one  met  with  at  Cambois  colliery,  was  encountered.  It 
is,  however,  hoped  that  this  will  be  avoided  by  the  winnings  which 
are  now  being  driven  farther  to  the  south,  and  below  the  fault 
at  the  mouth  of  the  river  Blyth. 

This  area  is  held  under  the  same  Iciise  as  the  Cambois  under- 
sea coal,  and  the  pillars  have  been  removed  in  the  oi-dinary  way 
up  to  the  360  feet  limit  of  cover  prescribed  by  the  licence  varying 
the  terms  of  the  original  lease.  Permission  to  extend  the  total 
extraction  of  the  seam,  which  is  here  about  3  feet  thick,  farther 
seaward,  up  to  a  limit  of  cover  of  300  feet,  has  recently  been  given, 
provided  that  all  workings  between  the  360  and  300  feet  lines  of 
cover,  are  made  on  the  longwall  system  and  are  securelj^  packed. 
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The  remaining  area  to  the  south  (Xewsham),  held  by 
company,  is  now  being  entered  upon  from  the  Mill  pit  in  the ! 
Main  seam.      The  seam  is  hqre  3  feet  thick,  and  lies  at  a  depth 
about  590  feet  below  high-water  mark. 

The  foreshore  here  (as  at  Cambois)  is  the  property  of 
adjacent  landowner,  and  of  considerable  extent.  Both  the  Ta 
seam  (2f  feet)  and  the  Low  Main  (3  to  3|  feet)  have  been  entirely 
worked  out  under  a  great  part  of  this  aiea,  the  amount  of  ooveC£ 
over  the  Yaixl  seam  being  only  about  240  fe«t.  The  surface^ 
deposits  were,  however,  capable  of  being  proved  by  boring,  and:  ' 
were  found  to  consist  of  from  40  to  55  feet  of  Boulder-clay.  .^ 

The  limit  of  cover  up  to  which  the  whole  of  the  coal  may  be  jg 
removed,  under  the  Newsham  lease,  is  fixed  at  300  feet,  and  there  X 
are  provisions  for  exploring  in  advance  of  longwall  workings  and  ^ 
leaving  barriers  against  the  main  roads  of  any  bord-and-pillar  f 
workings.  jf 


Broomhill  ColUe tics,- -The  only  other  undersea- working^ 
which  have  been  undertaken  up  to  the  present  time,  are  those 
from  the  pits  of  the  Broomhill  Collieries  Limited,  in  the  district 
of  the  river  Coquet. 

At  Xewbrough  colliery,  winnings  have  been  driven  seaward  in 
the  Princess  seam  for  a  distance  of  about  *2,400  feet  from  high- 
water  mark.  The  cover  at  the  last-named  point  is  about  480 
feet,  the  seam  (2  feet  7  inches  thick)  is  dii)piug  seaward,  and 
the  cover  at  the  face  is  about  420  feet  thick. 

About  li  miles  farther  south,  a  commencement  has  been  made 
to  drive  exploring  places  seaward  in  the  Duke  seam,  near  the 
southern  extremity  of  the  workings  in  that  seam  from  Broom- 
hill colliery.  The  cover  here  is  about  240  feet  thick,  at  present; 
and  the  seam  is  about  4  feet  thick,  and  is  being  split  into  two 
portions  by  a  gradually  thi<'keninjr  band. 

l-jurnrhtl  Areas, — It  may  here,  perha])s,  not  be  out  of  place  to 
add  some  remarks  as  to  the  unworked  portions  of  the  field. 

South  of  the  Xewsham  area,  towards  Hartley,  there  will  no 
<loubt  be  roal,  whi<'h  will  be  found  under  a  workalde  cover,  con- 
sistinir,  probably,  of  a  comparativeh'  small  trart  of  the  Low  Main 
seam  and  much  more  extendcMl  areas  of  the  lower  seams. 

Possibly,  from  Hartley  southward,  the  lowt»r  seams  may  from 
a  further  reserve  of  workalde  undersea  <'oal. 


T 
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North  of  the  river  Wansbeck,  the  area  of  workable  coal  will, 
probably,  depend  chiefly  on  the  exact  course  of  the  synclinal  axis, 
and  the  farther  it  trends  seaward,  the  greater  will  be  the  extension 
of  the  field  in  that  direction. 

It  appears,  however,  to  be  possible  that  the  easterly  rise  may 
not  continue  indefinitely  seaward  and  that  an  anticline  may  be 
met  with,  which  will  still  further  prolong  the  extension  of  the 
field  eastwaixl.  In  any  case,  it  seems  certain  that  a  very  large 
reserve  of  coal  is  contained  in  the  undersea  area  under  considera- 
tion. 

Conclusion. — In  conclusion,  it  may  be  of  interest  to  call  atten- 
tion to  the  fact  that  the  operations,  which  have  been  described 
above,  form  a  record  of  the  progress  which  has  been  made,  in 
this  vicinity,  in  the  working  of  coal  lying  at  moderate  depths 
under  the  sea.  Experience  has  been  gained  since  1872,  when 
it  was  considered  necessary  to  leave  unworked  a  large  proportion 
of  a  seam  with  a  cover  of  more  than  600  feet,  which  has  gradually 
admitted  of  the  lowering  of  the  limit  to,  in  some  instances,  less  than 
300  feet,  and  has  resulted  in  the  working  of  large  quantities  of 
coal  which  it  was  at  one  time  thought  would  be  lost. 

The  writer  hopes  that  the  results  of  this  experience  may 
possibly  be  of  use  to  others,  although,  at  the  same  time,  he  would 
point  out  that  a  careful  consideration  of  the  local  circumstances 
is  of  great  value  in  fixing  the  conditions  under  which  undersea 
operations  are  to  be  carried  on. 


Mr.  J.  G.  Weeks  (Bedlington)  said  that  Mr.  Forster's  paper 
contained  a  clear  and  succinct  account  of  under-sea  workings,  and 
it  would  be  a  valuable  addition  to  the  Transactions,  as  it  dealt 
with  every  detail.  The  paper  referred  to  the  thinning  out  of  the 
clay  westward  from  the  sea,  until  at  a  line  between  Bebside  and 
Choppington  stations  it  ran  out,  and  the  rock  came  next  to  the 
surface.  He  (Mr.  Weeks)  said  that  the  line  would  run  about 
4  miles  west  from  the  sea-coast.  The  clay  thinned  away  from  60 
or  80  feet  to  practically  nothing,  and  ordinary  sandstone 
formed  the  surface  with  a  soil-cover.  Mr.  Forster  did  not  give  the 
size  of  the  Wansbeck  fault ;  he  (Mr.  Weeks)  had  recently  proved 
it,  and  was  somewhat  surprised  to  find  that  it  amounted  to  63(i  feet 


78  DiscrssioN — uxderska  cx)al. 

at  a  point  between  the  Bedlington  and  Ashington  collieries,  and  he 
had  proved  it  within  200  feet  of  the  workings  on  either  side. 

Mr.  T.  FoRSTER  Brown  (Cardiff)  stated  that  Mr.  Forster's  paper 
appeared  io  fonn  a  complete  record  of  the  coal-workings  under  the 
sea  in  Northumberland  so  far  as  they  had  gone.  He  (Mr.  Forster 
Ihown),  as  the  Crown  chief  mineral  inspector,  had  inspected  these 
workings,  from  time  to  time,  and  he  thought  it  clear  that  a  sound 
principle  to  beprin  with  in  working  longwall  in  a  seam  under  the 
sea,  unless  the  depth  was  exceedingly  great,  was  to  have  the 
whole  of  the  space  packed  thoroughly,  so  as  to  avoid  any  question 
of  endangering  the  coal,  either  under  the  land-  or  sea-workings. 
He  would  1)0  glad  if  Mr.  Forster  would  explain  his  grounds  for 
supposing  that  there  might  be  another  anticlinal  axis  seaward, 
and  beyond  that  there  might  be  a  dip  seaward  which  migiit  extend 
the  coal-area.  He  entirely  agreed  with  Mr.  Forster  that  after 
all,  in  working  an  unknown  area,  where  they  had  no  surface  to 
guide  thcni,  and  rould  only  obtain  their  knowledge  and  experi- 
ence by  underground  operations,  it  became  a  (juestion  of  circum- 
stances, as  time  went  on,  how  to  deal  with  any  pailicular  difficulty 
that  might  arise  under  the  sea. 

Mr.  H.  M.  C  A  DELL  (Grange,  Bo'ness)  said  that  he  was  interested 
to  some  extent  in  submarine  mining  in  the  Bo'ness  coal-field,  on 
the  Firth  of  Forth,  although  the  workings  did  not  extend  so  far 
as  those  described  in  Mr.  Forster's  paper.  He  had  previously 
communicated  a  paper  upon  the  workings  at  Bridgeness  colliery,* 
but  since  that  j)aper  was  written  the  Main  seam  had  cropped  out 
toward.s  the  west  against  the  sea-bottom  at  a  depth  of  500  feet. 
Thej"  did  not  experience  any  inconvenience,  although  they  were 
at  first  a  little  alanned  and  disappointed  at  striking  the  sea-bottom 
so  soon.  Several  glaciated  stones  fell  out,  showing  that  they  had 
got  into  Jiouldcr-clay.  The  Firth  of  Foilh  was  now  only  about 
20  feet  deep  at  that  point,  and  there  must  have  been  a  deep 
trough  in  former  times,  which  had  cut  off  the  outcrop  of  the  seams 
in  that  direction.  Three  or  four  seams  were  worked  in  the  sec- 
tion, and  they  all  cropped  against  the  bottom  of  the  Boulder- 
claj'.  The  deepest  place  where  this  had  been  reached  was 
500  feet,  iind  that  was  only  \  mile  below  low-water  mark.  The 
centre  of  the    Firth   of   Forth  wa*  an  old  valley  eroded   prin- 

•   TmiM.  /m*/.  M.E.,  1897,  vol.  xiv.,  page  237. 


DISCUSSION — rXDKHSEA   COAL.  79 

cipally  during  the  Glacial  period,  and  it  was  not  pi*abable  that 
such  a  thing  would  be  met  with  in  this  district,  because  these  deep 
troughs  were  only  found  in  places  where  there  had  been  old  river 
and  valley-glaciers.  It  would  be  a  useful  thing  at  the  extreme 
end  of  the  workings  to  put  a  bore  upwards  to  the  bottom  of  the 
.  Boulder-clay  in  order  to  ascertain  its  depth,  and  the  hole  could  be 
eaflily  plugged.  One  part  of  the  workings  at  Bridgeness  struck 
the  bottom  at  a  depth  of  170  feet,  and  the  Boulder-clay  being  very 
strong  formed  such  an  excellent  roof  that  the  seam  had  been 
worked  under  it  for  many  feet.  A  large  glacial  stone  then  rolled 
out  and  nearly  killed  a  man,  and  the  workings  were  thereupon 
stopped.  He  merely  mentioned  this  as  an  example  of  how  excel- 
lent a  roof  Boulder-clay  could  form.  If  it  was  possible  to  prove 
that  the  whole  of  the  ground  was  formed  of  Boulder-clay,  it  would 
be  quite  safe  to  work  out  all  the  coal.  One  great  advantage  of 
submarine  workings  was  that  there  was  no  surface-damage  to  pay 
for,  and  this  often  meant  the  difference  between  profit  and  loss  at 
many  collieries.  Of  course  the  farther  out  they  went  under  the 
North  Sea,  the  less  would  be  the  cost  of  surface-damage  in  propor- 
tion to  the  area  of  the  workings.  It  was  not  likely  that  there  would 
be  much  sand  out  at  sea ;  the  sediment  from  the  shore  was  carried 
out  as  fine  mud,  and  the  farther  seaward  they  got  the  roof  should 
be  all  the  tighter.  He  would  like  to  know  whether  there  was  much 
water  to  contend  with  in  the  Northumberland  workings ;  under 
the  Firth  of  Forth,  there  was  not ;  and  down  to  a  depth  of  600  feet 
the  water  was  so  small  in  quantity  that  it  could  be  dealt  with  by 
a  Moore  hydraulic  pump  with  a  i*am  8  inches  in  diameter.  The 
bed  of  overlying  clay  kept  the  workings  remarkably  watertight. 

Mr.  J.  B.  Atkinson  (H.M.  Inspector  of  Mines,  Newcastle-upon- 
Tyne)  said  that  there  were  two  points  to  have  in  view: — (1)  The 
danger  of  losing  the  workings  by  water,  and  (2)  the  danger  of  loss 
of  life.  The  first  danger  would  usually  declare  itself  before  the 
second,  although  that  had  not  always  been  the  case,  as  was  shewn 
in  the  accident  at  the  Workington  collieries,  where  there  was  con- 
siderable loss  of  life  from  working  the  undersea  coal.  There  were 
four  factors  to  consider: — (1)  The  thickness  of  the  coal-seam; 
{2)  the  thickness  of  the  solid  strata  above  the  coal ;  (3)  the  thick- 
ness of  the  alluvium ;  and  (4)  the  depth  of  water.  Of  these  factors, 
only  the  thickness  of  coal  and  the  depth  of  water  were  usually 
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ascertained.  It  was  difficult  to  ascertain  the  proportion  of 
alluvium  and  solid  strata.  Mr.  Cadell's  suggestion  that  a  bore- 
hole might  be  put  upward  from  below  would  test  this  proportion. 
Mr.  Forster's  paper  was  a  useful  contribution  to  the  study  of  a 
question  which  would  become  more  important  in  the  near  future, 
and  it  shewed  clearly  what  had  been  done  with  safety. 

Mr.  J.  Gerrard  (H.M.  Inspector  of  Mines,  Manchester)  offered 
for  consideration  an  additional  factor,  which  might  be  of  interest ; 
that  was  the  nature  of  the  strata  overlying  the  seam  of  coal, 
the  thickness  of  the  beds  of  bind  or  shale,  and  the  thickness  of  the 
beds  of  sandstone.  In  connection  with  questions  of  subsidence, 
much  depended  upon  whether  there  were  extremely  thick  beds 
of  sandstone  or  moderately  thick  beds  of  shale  or  bind. 

Mr.  W.  H.  Pickering  (H.M.  Inspector  of  Mines,  Doncaster) 
hoped  that  Mr.  Forster  would  supplement  his  paper  by  giving  the 
conclusions  at  which  he  might  have  arrived  as  to  the  best  method 
of  working  undersea.  At  Cambois  colliery,  the  bord-and -pillar 
method  was  adopted  and  large  goaves  were  formed,  and  he  pre- 
sumed that  there  would  be  heavy  falls.  At  another  pit,  only  long- 
wall  was  worked,  and  they  built  tight  packing.  This  appeared  on 
the  face  of  it  to  be  the  safer  condition,  but  without  knowing  all 
the  circumstances  one  could  not  decide.  The  conclusions  at  which 
Mr.  Forster  might  have  arrived  on  the  subject  would  be  of  interest. 

Mr.  R.  E.  Ornsby  (Seaton  Delaval)  said  that  it  would  no  doubt 
be  necessary  at  no  veiy  distant  date  for  the  adjoining  colliery 
under  his  own  charge  that  he  should  consider  the  question  of 
undersea  working.  Unfortunately  they  were  not  so  well  placed 
as  at  Cowpen  colliery,  as  the  seams  at  Hartley  colliery  rose  to  the 
eastward.  With  respect  to  the  strata  between  the  Yard  and  Low 
Main  seams,  his  experience  was  similar  to  that  at  Cowpen.  The 
Yard  seam  to  the  dip  was  standing  full  of  water,  some  pillars  were 
wrought,  about  200  feet  below  in  the  Low  Main  seam  (with  a 
thickness  of  6  to  7  feet  of  coal),  and  although  they  were  afraid  of 
the  water,  they  practically  got  none  at  all  in  the  Low  Main  seam, 
notwithstanding  that  there  were  heavy  falls  in  the  goaf. 

^Ir.  C.  C.  Leach  (Seghill)  asked  whether  there  were  any  bottom 
feeders,  and,  if  so,  were  they  salt? 
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The  Chairman  (Mr.  J.  S.  Uixon)  said  that,  in  his  own  experi- 
ence, he  had  dealt  with  working  not  under  the  sea,  but  under  in- 
land waters  and  under  wastes  containing  wat^r ;  and  as  to  the  ex- 
pediency of  leaving  a  portion  of  the  solid  coal,  his  view  was  that 
the  less  coal  they  left  the  better,  but  that  the  waste  should  be 
thoroughly  stowed  or  packed.     In  the  part  of  the  country  with 
which  he  was  connected,  leaving  in  a  piece  of  coal  led  to  disloca- 
tions :  and  these  ultimately  came  to  the  surface  and  created  cracks 
through  which  water  might  percolate.     With  a  cover  of  70  or  80 
feet  of  Boulder-clay,  great  liberties  could  be  taken  when  working 
seams  at  moderate  depths.       In  many  cases,  seams  had  been 
worked,  3  feet  thick,  under  wastes  lying  full  of  water,  200  feet 
above,  and  through  every  break  of  the  strata  small  feeders  of 
water  were  got ;  but  in  the  course  of  a  few  weeks  these  were  filled 
up  by  the  swelling  of  the  fire-clay  and  shales,  and  the  strata  behind 
the  face  became  impervious,  whereas  the  strata  at  the  face  gave 
off  a  little  water.     Where  there  was  mud  in  the  bottom  of  a  river, 
or  even  sand,  this  very  often  filled  up  the  interstices  made  by  the 
subsidence  of  the  coal-working.     If  it  could  be  proved  by  boring 
in  the  sea  that  the  clay  extended  over  the  whole  area  of  the  coal- 
workings,  he  thought  that  probably  the  coal  might  be  worked  even 
nearer  the  surface  than  indicated  by  Mr.  Forster. 

Mr.  H.  R.  Hewitt  (H.M.  Inspector  of  Mines,  Derby)  said 
that  it  api)eared  to  him  that  longwall  working  in  panels  would 
be  the  preferable  system  of  working  coal-seams  under  the  sea, 
where  systematic  packing,  or  the  complete  filling  of  the  goaf 
could  be  carried  on  in  the  workings  left  behind  the  face.  It 
seemed  to  be  severely  tempting  providence  to  work  by  pillar-and- 
stall,  where  no  packing  is  done,  the  pillar  robbed,  and  large  falls 
of  roof  of  unknown  height  frequently  occur.  Although  soundings 
are  taken  giving  the  depth  of  water,  showing  the  amount  of  strata 
between  the  sea  and  the  seam,  yet  there  are  seas  with  a  shifting 
bottom,  a  circumstance  which  in  the  cases  quoted,  does  not  appear 
to  have  been  taken  into  consideration.  Whether  the  German 
Ocean  at  these  points  is  one  of  that  kind  or  not,  he  could  not  say, 
but  if  it  is,  the  soundings  are  entirely  unreliable. 

Mr.  M.  W.  Parrington  (Wearmouth  Colliery)  wrote  that,  if 
anything  could  have  made  Mr.  Forster's  paper  more  useful  to 
those  interested  in  the  Great  Northern  coal-field,  it  would  have 
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been  its  extension  to  the  whole  coast-line  of  the  field  from  the 
mouth  of  the  Coquet  to  Hartlepool ;  and  he  believed  that  no  cme 
had  a  better  general  knowledge  than  Mr.  Forster  of  the  con- 
ditions met  with  south  of  the  Tyne.  Perhaps,  however,  it  would 
have  been  premature  to  have  so  extended  it  while  the  great  coast- 
winnings  at  Dawdon,  Easington  and  Horden  are  still  incomplete. 
These  winnings  are  far  enough  advanced  to  have  proved  the 
thickness  of  the  Magnesian  Limestone,  and  (by  boring)  the  thick- 
ness of  the  underlying  sand  :  and  they  show  that  the  bottom  of 
the  sand  has  a  generally  increasing  depth,  below  sea-level,  to  the 
south,  as  far  as  proved.  It  had  also  been  proved,  at  very  great 
cost  ijo  the  proprietors  of  these  winnings,  that  the  sea  had  direc*t 
communication  inland,  through  the  limestone-fissures,  and  that 
it  was  only  necessary  to  exhaust  the  fresh-water  feetlers  to  get 
sea-water,  pure  and  simple.  This  communication  will  doubtless 
become  more  remote  as  the  distanc^e  from  the  coast  increases,  but 
that  it  exists  to  some  extent  wherever  the  limestone  is  below  sea- 
level  seems  proved  by  the  fact  that  the  surface  of  the  water  in  the 
Magnesian  Limestone  will  come  to  rest  at  or  about  that  level. 
He  (Mr.  Parrington)  had  made  these  i-emarks  with  the  view  of 
showing  that  the  workings  of  the  deep  east-coast  collieries  of 
Durham  are  practically,  where  not  actually,  under  the  sea. 

He  (Mr.  Parrington)  believed  that  in  only  one  c-ase  had  any 
considerable  area  of  coal  been  worked  at  a  less  depth  from  the 
bottom  of  the  Yellow  Sand  (where  below  sea-level)  than  those 
from  the  sea -bottom  given  by  Mr.  Forater,  and,  in  that  case,  large 
areas  of  a  4  feet  seam  were  extracted  by  a  modified  system  of 
longwall  at  a  depth  varying  from  »i30  feet  to  an  estimated  depth 
of  200  feet.  Pillars  were  formed  at  the  small  estimated  depth  of 
between  40  and  50  feel ;  but  when,  under  stress  of  circumstances, 
an  ill-advised  attempt  was  made  to  extract  these  pillars,  the 
natural  result  followed. 

Some  of  Mr.  Foi-ster's  remarks  point  to  the  great  desinibility 
of  a  thorough  examination  of  the  sea-be<l.  It  was  ditficult  to 
believe  that  loose  sand  lies  to  any  gi-eat  depth  on  a  sloping  bottom  : 
and,  therefore,  he  (Mr.  Parrington)  ventured  to  think  that,  with 
proper  appliances,  samples  of  the  orijrinal  formation  might  be 
obtained  at  intervals  ahmp  the  coast,  an<l  to  a  distance  of  2  miles 
out  or  even  more.  The  cost,  when  divided  among  all  parties 
interested,  would  not  be  very  serious. 
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He  hoped  that  Mr.  Forster  might  be  able,  at  no  remote  date,  to 
supplement  his  valuable  paper  with  one  on  the  "  Undersea  Coal 
of  the  Durham  Coast." 

Mr.  H.  S.  Poole  (Halifax,  Nova  Scotia)  wrote  that  in  Nova 
Scotia  a  consideration  of  undersea  workings  elsewhere,  the  depth 
of  rock-cover  between  the  water  and  the  workings  under  varied 
conditions  required  by  regulations,  the  methods  of  operating, 
and  the  precautions  taken  against  irruptions  of  water  from  the 
wa-bed,  were  matters  of  great  interest,  as  in  that  province  there 
are  large  coal-fields  lying  under  the  sea.     These  leases  are  held 
under  conditions  differing  from  those  described  by  Mr.  T.  E. 
Forster,  in  his  paper  on  the  **  Undersea  Coal  of  the  Northumber- 
land Coast  "  ;*  and  in  that  of  Mr.  A.  A.  Atkinson  on  *'  Working 
Coal  under  the  River  Hunter,  the  Parifir  Orean  and  its  Tidal 
Waters,  near  Newcastle,  in  the  State  of  New  South  Wales. "t 
No  official  in  Nova  Scotia  is  empowered  to  modify  the  terms  of 
leases  to  suit  local  conditions,  one  set  form  being  supplied  and 
held  applicable  to  all  for  a  given  period  ;  and  legislation  regulates 
all  restrictions.       In  all   but  a  few  early  grants  of  land,  the 
Crown  reserved  its  rights  to  one  or  more  of  the  economic  minerals, 
issuing  the  grants  as  applied  for  without  any  pre-arranged  plans. 
So  it  has  been  with  the  minerals  reserved :  applicants  for  rights 
to  search  or  work,  and  for  leases,  exercised  their  choice  of  location 
within  certain  limits  as  they  pleased,  and  without  regard  to  the 
convenience  of  approach  and  general  working,  or  the  best  interests 
of  the  whole  coal-field.     This  system  applied  to  all  submarine 
as  well  as  subterranean  holdings. 

The  writer,  when  acting  as  an  inspector  of  mines,  foresaw 
that  a  time  would  come  when  special  legislation  for  submarine 
operations  would  be  necessary.  In  his  report  for  1877,  he 
suggested  precautionary  measures,  and,  later  on,  he  drafted  the 
clauses  relating  to  submarine  areas  incorporated  in  the  Mines 
Regulation  Act  of  the  following  session,  and  these  have  since 
then  remained  unchanged  on  the  statutes.  These  regulations 
antedate  by  some  eight  years  some  of  the  recommendations  of 
the  New  South  Wales  Commission  of  1886,  as  follows :  — **  The 
Commission  are  fully  aware  that,  so  far  as  they  know,  no  restric- 
tions such  as  those  indicated  have  been  as  yet  considered  necessary 
•  Tram,  Iiuit.  M.E,,  1902,  vol.  xxiv.,  page  421. 
t  Ibid,,  1902,  vol.  xxiu.,  page  622. 
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ill  Britain  or  her  colonies."*  The  restrictions  imposed,  in  1877, 
in  Nova  Scotia,  although  not  so  exhaustive  as  those  of  New 
South  Wales,  met  the  requirements  of  the  time.  Workings 
below  500  feet  of  rock-cover  are  left  untrammelled,  all  under  a 
less  cover  are  restricted,  and  those  under  less  than  180  feet  are 
tottvlly  debarred,  except  for  approaches,  which  may  be  carried 
on  with  100  feet  of  overlying  strata.  These  figures  have,  some- 
how locally,  become  regarded  as  allowing  so  safe  a  margin  that 
applications  have  been  made  to  the  Legislature  to  have  them 
reduced  on  the  plea  that  so  much  coal  is  locked  up  and  lost,  but 
so  far  without  success. 

Up  to  the  present  time,  the  only  extensive  operations  under 
the  sea  have  been  made  at  the  mouth  of  Sydney  Harbour,  in  the 
Main  seam,  clipping  1  in  12.  There,  under  a  (rover  of  800  feet, 
pillars  have  been  robbed,  and  longwall  workings  conducted  where 
the  depth  was  1,000  feet,  without  the  seepage  of  any  salt-water. 
But  at  shallower  depths,  some  had  been  found:  the  deepest  at 
about  400  feet,  where  a  steepening  of  the  measures  was 
approached,  and  a  lype  may  have  given  access  to  a  small  feeder 
of  sea-water.  The  Coal-measures  of  Cape  Breton  are  for  the  most 
part  sandstones  in  which  open  ''  backs ''  have  been  encounteretl. 

The  sinking  of  the  Princess  pit,  000  feet  away  from  the  cliffs, 
tiipped  a  feeder  of  400  gallons  a  minute,  and  this  was  tubbed 
back.  Over  the  workings,  the  deepest  soundings  give  about 
40  feet  of  water  with  a  sand-bottom,  which  may  or  may  not  over- 
lie a  deposit  of  till,  but  no  attempt  has  been  made  to  determine 
its  presence.  Mr.  A.  A.  Atkinson  referred  to  the  condition  of  the 
S^'dney  mines  workings  some  years  ago.t  Now,  the  dip-plane 
is  G,GOO  feet  long,  the  distant  submarine  workings  extending 
'i,400  feet  from  the  point  of  Cranlwrry  Head,  whei*e,  at  a  depth 
of  1,000  feet,  the  pillars  ore  increased  in  dimensions  to  33  feet 
by  V)2  feet.  The  Sydney  Main  seam  averages  over  5  feet  3  inches 
and  in  parts  is  0  feet  thick,  dipping  1  in  12  towards  the  open  sea. 
Tiie  pillars  to  the  deep  have  been  successfully  wrought,  even  in 
crushed  districts. 

In  the  overlying  Lloyd's  Cove  seam,  a  dip-plane  is  now  being 
driven  Iw^yond  ( •ranberrj'  UeafI,  close  within  the  permitttHl  limit 
of  cover.  These  opemtions  are  in  the  Cape  Breton  coal-field, 
which  has  a  sea-front  of  32  miles. 

•   TruHM,  InMt.  M.K.,  1902,  vol.  xxiii.,  page  636. 
t  ///iV/.,  1902,  vol.  xxiii.,  page  647. 
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On  the  western  side  of  the  island,  the  Coal-measures  extend 
nearly  40  miles,  hut  on  parts  of  the  coast  Lower  Carboniferous 
rocks  come  to  the  surface,  and  it  is  evident  that  the  submarine 
portion  of  the  Inverness  coal-field  is,  although  of  importance, 
comparatively  less  extensive.  The  dip  is  steep  from  the  shore 
under  the  waters  of  the  Gulf  of  St.  Lawrence,  cari-ying  the  coal- 
seams  rapidly  beyond  a  working  depth. 

The  very  thorough  investigation  of  the  subject  of  operating 
coal-mines  under  water  by  the  New  South  Wales  Commission  and 
the  paper  by  Mr.  A.  A.  Atkinson  come  opportunely  for  the  con- 
ditions now  under  review  in  Xova  Scotia,  where  oil'  the  coast  of 
Cape  Breton,  there  are  large  iueas  of  thick  coal-seams  lying  under 
light  and  moilerate  depth  ut  cover,  temptingly  near  the  shore, 
and  extending  seaward  for  several  miles.     In  parts  undulating 
with    low    dips,   the   outcrops   of   the   seams   enter   the   sea    and 
necessarily    large    districts    of    valuable    coal    will    have   to    be 
sacrificed  to  considerations  of  safety.     The  (iuesti(»n  at  issue  is 
not  at  what  depths  working  can  be  conducted  without  anxiety, 
or  at  what  additional  depth  with  coniidence,  but  how  thin  may 
be  the  solid  cover  and  how  large  may  be  the  proportion  removeil. 
The  rapidly  growing  coal-trade  is  already  looking  to  these  sea- 
areas  for  the  speedy  establishment  of  pits  so  laid  out  as  ultimately 
to  win  the  extreme  limits  that  ventilation,  mechanical  appliances 
Tind  competition-cost  may  permit.     The  New  South  Wales  Com- 
mission advise<lly  places  importance  on  the  condition  of  the  sea- 
bottom,  the  presence  or  not  of  clay :  but  off  Cape  liretcm  nothing 
is   known   beyond   what   the  soundings   have   demonstrated  the 
superficial  covering  to  be,  mud,  sand  or  rock.     In-shore,  where 
the  water  is  shallowest  along  the  headlands  exposed  to  the  full 
force  of  easterly  storms  from  the  Atlantic  Ocean,  and  to  com- 
paratively rapid  erosion,  there  must  be  a  broad  strip  of  ground 
won  by  the  sea  since  the  close  of  the  Glacial  period,  on  which 
there  may  be  no  bed  of  clay  such  as  that  period  left  deposited 
over  most  of  the  land.     In  the  work  of  erosion,  the  pounding 
of  the  sea  has  been  assisted  by  the  disintegrating  effect  of  frost, 
and  the  removal  of  the  debris  by  the  shore-current,  which  flows 
strongly  by  from  the  north.       Outside  these  strips,  where  no 
deposits  of  Glacial  drift  were  left,  there  is  in  places  no  doubt  a 
protective  mantle  of  clay. 

The  following  are  the  reirulations  as  to  working  submarine 
Breaa : — 
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52.  (1)  In  the  working  of  coal  or  stratified  <leposits  in  sulmiarine  areas,  the 
following  provisions  shall  apply  :  — 

{a)  No  submarine  seam  of  coal  or  stratified  deposit  shall  be  wrought  under  a 
less  cover  than  IHO  feet  of  solid  measures  :  provided  that  the  owner  or  lessee  of  any 
Huch  area  may  drive  passage-ways,  to  win  the  mineral  to  be  wrought,  under  a  less 
cover  than  180  feet,  but  not  under  less  than  100  feet  of  solid  measures  ; 

(A)  A  1>arrier  of  the  mineral  wrought,  of  not  less  than  oO  yards,  25  yards  on 
both  sides  of  the  boundary-lines  of  everj'  lease,  shall  l)e  left  unwrought  l>etween 
the  workings  of  every  submarine  seam  ; 

(f)  Where  there  is  less  than  500  feet  of  solid  measures  ovcrl^'ing  the  seam  or 
stratified  dei>0}<it  wrought,  the  workings  of  every  such  submarine  area  shall  t»e  laid 
off  in  diHtricts  of  an  area  not  greatei*  than  ^  square  mile,  and  the  liarrier  enclosing 
each  sofMrate  district  shall  not  be  less  than  vM)  yards  thick,  and  shall  not  lie  pierced 
by  more  than  three  passage-ways  having  a  secticmal  area  not  great-er  than  0  feet  by 
0  feet ; 

(fi)  No  diHtrict  shall  have  its  length,  when  parallel  to  the  general  trend  of  the 
adjoining  shore,  greater  than  1  mile  ; 

(*■)  A  pro]>osed  system  of  working  the  mineral  in  each  submarine  area  shall,. 
l>efore  work  is  commenced,  l>e  submitted  to  and  appro ve<l  of  by  the  inspector  ;  and 
no  change  shall  be  made  in  such  approved  s^'stem  without  the  written  Hanction  of 
the  inspector  ; 

(/)  The  opening  of  a  new  level  or  lift  in  a  mine  already  working  in  a  submarine 
area  shall  be  deemed  the  commencement  of  a  new  winning  witliin  the  meaning  of 
this  section. 

(2)  The  ouner,  agent  or  manager  of  any  mine  to  which  this  section  applies, 
who  contravenes  or  fails  to  comply  with  any  provision  of  this  section,  shall  each  be 
liable  to  a  penalt\-  not  exceeding  1,000  dollars  [£200],  and  if  the  offence  complaineil 
»»f  is  continue<1  or  repeated  after  a  written  notice  has  l)een  given  by  the  inspei^tor 
to  such  owner,  agent  or  managf>r  of  any  such  offence  having  1>een  committed,  the 
Supreme  ('ourt  or  a  judge  tliereof,  whether  any  otiier  proceedings  liave  or  have  not 
been  taken,  may,  \\\x)i\  application  by  the  Attoniey-general,  prohibit  by  injunction 
the  w<»rking  of  MUch  mine  ;  provided  that  the  Commissioner  may  waive  or  modify 
any  of  the  piovisiouH  of  this  section,  when,  on  the  rejwrt  of  the  inH))ector,  it  appcurn 
to  liiH  HAtisfaction  that  valuable  coal-areas  cannot  l>e  otherwise  wrought  or  mined. 
Revined  Statutes,  c.  8,  s.  55  ;   1896.  c.  12,  s.  1. 

Mr.  T.  E.  FoRSTKR,  replying?  to  the  discussion,  said  that  ho 
wouhl  answer  the  (luostions  raised  as  to  the  Houhler-ehiy.  Of 
course,  the  difficulty  pointed  out  in  the  paper  was  that  in  this  part 
of  the  country  (it  was  perhaps  different  in  the  Firth  of  Forth) 
the  c\i\y  wiis  so  erratic  in  its  thickness.  Kven  if  they  we're  to  bore 
a  hole  from  tlie  workinirs  upward  to  prove  the  thirkness  of  the 
clay,  they  had  no  j^uarantee  that  -JOO  feet  away  there  was  any  clay 
at  all.  To  make  the  day-capping:  of  any  use  in  settling:  the  dis- 
tance, they  would  have  to  explore  the  whole  Held  with  bore-holes 
every  here  and  there,  and  it  was  hardly  pnicticable  to  do  that  fn)m 
underj^round  :  that  was  one  of  the  disa<lvanta^es  of  working:  under 
the   sea,    though    perhaps   the   absence   of   land-drainage    nii^ht 
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counter-balance  the  disadvantages.  That,  however,  was  the 
reafion  why  the  distance  had  been  fixed  at  what  might  seem  a 
larpre  one  to  those  who  were  working  under  the  Firth  of  Forth. 

As  to  the  method  of  working,  the  paper  was  meant  to  be  a 
reeonl  of  what  had  been  done  rather  than  as  a  pruide  to  what  might 
be  done,  and  it  was  not  intended  to  lay  down  regulations  or 
suggestions  as  to  how  to  work  sea-coal.  It  had  always  been  the 
idea  here  that  every  place  ouprht  to  stand  by  itself  under  its  own 
conditions.  The  depth  of  the  sea,  the  thickness  of  cover  and  of 
alluvium  were  points  to  be  taken  into  consideration.  *  The  great 
point  was  to  consider  what  had  already  been  found  practicable  in 
the  neighbourhood.  In  an  old  coal-field,  they  could  always  find 
iustances  of  one  seajn  being  worked  under  the  waste  of  another, 
and  putting  one  thing  with  another  they  could  form  a  conclusion 
as  to  the  thickness  of  strata  necessary.  They  must  put  a  margin 
of  safety  :  120  feet  in  some  instances  was  considered  sufficient, 
while  in  others  this  would  bring  down  water.  There  were  no 
heavy  fee<lers  :  a  certain  quantity  of  water  came  down  in  the  case 
of  coal  worked  by  bord-and-pillar  after  the  pillars  were  removcnl, 
but  this  generally  ceased  after  a  time,  and  permanent  feeders 
were  very  slight.     The  water  was  not  very  salt — only  brackish. 

As  to  the  methods  of  working  by  bord-and-pillar  and  long- 
wall,  at  Cambois  colliery,  up  to  360  feet  of  cover  the  whole  of  the 
seam,  4  to  4i  feet  thick,  was  worked  out  by  bord-and-pillar.  The 
pillars  were  taken  out,  and  no  packing  was  put  in.  The  strata  did 
not  fall  very  far  up  in  that  district — about  12  or  15  feet — and  then 
it  became  jammed.  Farther  south,  where  the  coal  was  being 
removed  at  a  depth  of  300  feet,  the  whole  of  the  workings  were 
being  packed.  Regarding  the  strata  overlying  the  seams,  it  was 
pointed  out  that  some  information  as  to  the  thickness  of  the 
different  beds  might  be  of  interest.  As  a  rule,  there  were  no 
abnormal  thick  beds  of  any  one  material ;  there  were  beds  of  post, 
sometimes  60  to  70  feet  thick,  but  they  varied  veiy  greatly.  At 
Cambois  colliery,  sandstones  formed  57  per  cent,  of  the  strata, 
while  within  1  or  2  miles  they  were  only  42  per  cent.  These  were 
shaft-sections,  and  the  sandstones  might  be  thicker  near  the  shaft 
in  one  section  than  in  another. 

As  to  the  possible  extension  of  the  coal-field  farther  east- 
ward, and  the  reason  that  an  anticline  might  be  met  with  and 
the  seams  dip  to  the  sea:    farther  south,  the  beds  about  New- 
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castle  all  dipped  in  that  direction,  and  at  Wallsend  they  bejran 
to  rise  towards  the  mouth  of  the  river,  and  that  easterly  rise  con- 
tinued for  a  cei-tain  distance  alonp:  the  coast.  In  Durham,  the 
direction  was  changed. 

Some  discussion  took  place  at  the  last  meeting  as  to  working 
sea-coal,  and  he  made  some  remarks  about  the  AVorkington 
disaster.  The  account  of  this  disaster  seemed  to  have  pursued  the 
subject  of  undersea  coal-mining  all  over  the  world,  and  most 
engineers  were  under  the  impression  that  it  was  due  to  an  inbui-st 
of  the  sea.  A  reference  to  the  report  of  the  discussion  in  the 
Transactions*  would  show  that  the  workings  were  holed  into  an 
old  river-bed.  The  course  of  the  river-bed  was  known,  and  they 
worked  into  it,  although  they  had  had  warnings  for  some  days 
before  that  there  wius  danger  in  front  of  them  :  but,  like  many 
other  people,  they  wanted  the  coal,  and  neglected  the  necessaiy 
precautions. 

The  Chairman  (Mr.  J.  S.  Dixon)  moved  a  vote  of  thanks  to 
Mr.  Forster  for  his  valuable  paper. 

Mr.  (\  C.  Lk.\ch  seconded  the  resolution,  which  was  cordially 
approved. 


Mr.  M.  K.  KiKiiv's  paper  on  **  Stcaiu-gencration  by  the  (lases 
from  Hcehivc  ('(>k<^-ovciis  "  was  rtNul  iis  InlJows  : 


•   Traiui.  Inst.  M.E.,  1902,  vol.  xxiii.,  page  m\. 


STEAM-GENERATION    FROM    BEEHIVE    COKE-OVENS. 


89 


STEAM-GENERATION  BY  THE  GASEvS  FROM 
BEEHIA  E  COKE-OA'ENS. 


By  M.    R.    KIRBY. 


Beehive  coke-ovens  have  been  used  since  1766,  when  several 
were  working  on  the  Tyne.  They  have  been  described  by  Mr. 
A.  L.  Steavenson  in  his  paper  on  **  The  Manufacture  of  Coke  in 
the  Newcastle  and  Durham  Districts/'  read  in  I860.*  This  class 
of  oven  was  in  general  use  in  1855,  when  flues  and  chimneys  were 
added  by  Mr.  A.  L.  Steavenson,  who  further  improved  them  in 
1860,  by  placing  boilers  on  the  flues  and  utilizing  the  heat  of  the 
waste-gases  for  raising  steam. 

The  writer  proposes  to  give  a  few  particulars  of  the  steam- 
^nerating  plant  at  the  collieries  with  which  he  is  connected. 

One  ton  of  coal,  in  coking,  gives  o£E  0*85  tons  of  burnt  gas, 
and  uses  about  6*45  tons  of  air,  a  weight  about  25  per  cent,  more 
than  that  require<l  for  complete  combustion.  The  heat  given  off 
during  the  process  is  16,299,000  British  thermal  units ;  and,  if 
properly  used,  it  would  generate  7^  tons  of  steam  from  and  at 
212^  Fahr.,  but  in  practice  the  evaporation  is  about  1*3  tons. 
The  specific  gravity  of  the  burnt  gas  is  about  11  and  its  specific 
beat  is  0251. 

The  approximate  composition  of  the  coal,  coke  and  gases  is 
given  in  Table  I. 

Table  1. 


'  Carbon  (C)        

Carbon  dioxide  (CO,)  .. 

Water  (HjO)     

Hydrogen  (H) 

Oxygen  (O)        

Nitrogen  (N2) 

Sulphur  (S) 
Sulphurous  Acid  (80.J 
Ash         


Coal. 

C^ke. 

Unburct 
Gm. 

Burnt  Oas. 

83  0 

92-7 

68-50 

— 

- 

14-68 

7-3 

— 

18-25 

5-92 

3-7 

— 

9-25 

— 

— 

0-38 

10 



2-50 

75-42 

0-6 

— 

1-50 

— 

— 

— 

— 

017 

4-4 

7-3 

— 

Trarui.  N.E.  Insf.^  vol.  viii.,  page  109  ;   and  vol.  ix.,  page  35. 
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At  Browney,  South  Brancepeth  and  Tursdale  collieries,  the 
beehive  coke-ovens  are  11^  feet  in  diameter  by  7  feet  high  inside. 
The  coal  coked  per  oven  per  fortnight  is  about  22  tons,  making 
the  rate  of  coking  146*6  pounds  of  coal  per  oven  per  hour.  The 
gas  given  off  is  about  1,004  pounds  per  hour,  and  the  heat  is  about 
1,066,660  British  thermal  units  per  hour  per  oven. 


Table  T I.— Boiler- pntfOBMANCW  at  Browney,  South  Bran(«pctii 

AVD  TURSDALK  COLUBRIBS. 


Number  of  boilers  

Heating  surface,  s(|uare  feet 
Number  of  beehive  coke-ovens 
Heating  surface  per  oven,  square  feet 
Working  pressure  of  boilers,  per  square  inch,! 

pounds  

Temperature  of  feed- water,  Fahr.  deurees 
Kvaporation  of  water  per  hour,  pounds 
Kvaporation  of  water  per  oven  per  hour, pounds 
Kvaporation    of    water    per    s(|uare   foot    of 

heating  eurface  per  hour,  pounds 
British  thermal  units  used  |)er  oven  jier  hour 
KtBdency,  per  cent 


Krowm-y. 

Turatlttle. 

South 
Krancepeih. 

G 

8 

10 

8,i:w 

8,530 

7,391 

262 

223 

246 

31 

38 

.HO 

50 

40 

40 

120 

180 

177 

45,860 

38,000 

31.000 

170 

170 

126 

564 

4  45 

4  19 

189,900 

172,550 

128.268 

17-8 

161 

12 

Table  II.  gives  particuhirs  of  the  boiler-porforinances  at  these 
collieries.  It  will  l)e  seen  that  the  plant  at  P.rowney  colliery  is 
much  more  efficient  than  at  any  of  the  others  ;  antl  this  is  probably 
due  to  the  fact  that  the  boilers  are  of  more  modern  design,  com- 
prizing 2  Galloway,  •{  five-ilued  and  1  Lancashire  boiler.  Turs- 
dale colliery  comes  next,  with  (i  Lancashire  Jind  (jalloway,  and 
2  egg-ended  boilers.  While  at  South  Brancepeth  colliery,  where 
the  efficiency  is  lowest,  there  are  2  Lancashire,  1  (lalloway,  2 
French,  and  5  egg-ended  Iwilers. 

A  more  complete  series  of  tests  was  made  on  No.  2  l>oiler  at 
South  Brancepeth  colliery  in  July  antl  August,  1902,  and  the 
results  are  recorded  in  Table  III.  The  teniperaturcH  in  the  flues 
were  measured  with  a  Siemens  pyrometer,  and  the  water  with 
a  Guest-and-Chrimes  water-meter,  which  was  repaired  and  tested 
previous  to  the  experiments.  The  boiler  was  scaled  befoin^  the 
tests  were  begun. 
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Table  III.     Test  of  No.  2  Boiler  at  Soitth  Branckpbth  CJoixikriks,  1902. 

Type  of  boiler,  Lancashire,  30  feet  long  and  8  feet  in  diameter,  fitted  with 

cross-tubes  in  the.  Hues. 

Heating  surface,  square  feet         ,,  1  \qq 

Number  of  coke-ovens  firing  this  iHiiler             25 

Steam-pressure,  pounds  per  s(iuare  inch            40 

Temperature  of  feed- water,  ITahr.  de>n^ees          177 

Dimensions  of  chimney  *  :  height,  feet 75 

»>                    M                side  of  inside  square,  feet 9 

Heating  surface  of  boiler  per  oyen,  square  feet           44 

*  This  chimaey  will  not  dmw  from  more  thftti  25  (x>kc-uveni. 


190^ 

Temperature. 

i 

l>raui{bt  of  Boiler 

Water 

July  and  AugUHt. 

evaporated 

1 

Iier  Hour. 

1 

At  Front 

InFIuet 

of  Boiler. 

at  Back. 
^egs.  Fahr. 

Inch. 

Back. 
Inch. 

1  Degi.  Fahr. 

Poiindn. 

Monday         

1,412 

322 

2,700 

Tuesday        

1,801 

488 

:     015. 

0-40 

3,330 

Wednesday   ., 

2,048 

465 

015 

0-40 

4,630 

Thursday      

2,il2 

440 

015 

0-45 

4,990 

Friday           

Mondlay        

2,390 
2,092 

467 
552 

015 
015 

0-55 
0-50       , 

4,990 
3,760 

TueMlay        

.        2.087 

:J52 

015 

0-45 

4,750 

Wednesilay 

1,962 

484 

015 

0-50      1 

4,990 

Thursday      

2,474 

484 

015 

0-55       1 

4,770 

Friday           

2,346 

482 

015 

0-55 

The  average  evaporation  of  water  per  oveu  per  hour  was  165 
pounds,  and  3*9  pounds  per  square  foot  of  heating  surface  of 
boiler  per  hour.  The  efficiency  of  the  boiler  is  about  16  per  rent. 
Neglecting  the  loss  due  to  radiation  from  the  boiler,  which  is 
comparatively  small,  the  other  losses  are  shown  in  Table  IV. 

Table  IV. — Distribition  of  Heat  produced  kkom  Coke-ovens. 


H^t  per  Hour  from  1  Oveu. 


Total  loas 

Utilized  :  Heat  used  in  raising  steam 

Total  heat  accounted  foi- 


Loaa:  By  radiation  from  coke-ovens,  fines,  etc.   ...  ■ 
By  heat  in  gases  at  chimney 


...| 


BrJtIah  Thermal 
TniU. 

Per  Cent. 

794,244 
1         100,800 

74-4 

9'r3 

895,044 
171,616 

S3 -9 
161 

1,066,660 

1000 
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It  would  seem  to  be  possible  to  reduce  largely  the  loss  due  ty 
radiation  from  the  coke-ovens  and  flues,  by  covering  them  thickly: 
with  sand  or  masonry.  But,  assuming  this  loss  t^  be  inevitablel 
the  writer  considers  that  in  Lancashire  and  similar  boilers  about 
30  square  feet  of  heating  surface  should  be  allowed  per  oven,  in 
order  to  secure  the  full  value  of  the  boiler ;  and,  consequently, 
37  ovens  should  be  applied  to  a  boiler  similar  to  that  tested  at 
South  Brancepeth  colliery. 

In  the  writer's  experience,  in  order  to  draw  the  gases  from 
this  number  of  ovens  through  a  Lancashire  boiler,  a  chimney  lOO 
feet  high  and  having  an  area  of  1  foot  to  1*25  square  feet  pel 
oven  is  necessary. 

Figs.  1,  2,  ii  and  4  (Plate  XI.)  give  the  details  of  the  seat- 
ing of  a  Lancashire  boiler  which  is  being  put  down  at  Tursdali 
colliery,  with  1,040  square  feet  of  heating  surface.  It  is  intended 
to  fire  this  boiler  witli  the  gases  from  40  beehive  coke-ovens.  A 
bye-pass  flue  is  provided  for  use  when  the  boiler  is  laid  off,  and 
provision  is  also  made  for  hand-firing.  The  chimney  is  shown 
in  Figs,  o,  0  and  7,  and  the  dampers  in  Figs.  8  and  9  (Plate  XL). 


The  Chairman  (Mr.  J.  S.  Dixon)  moved  a  vote  of  thanks  tc 
Mr.  Kirbj'  for  his  interesting  paper. 

Mr.  M.  Walton-  Brown  seconded  the  resolution,  which  wju 
cordially  approved. 


Mr.   (\   ('.   Lkacii    read   tlic   iolltjwing   paper  on  a    "(orlis* 
enginod  Fan  at  Se^rhill  Collierv  "  :-  - 


i  from  Beehive:_0;!keam!s 


Vol.  im  Plate  ^. 


A 


L.    -^ 


;  5.- Section  and 
3E  Elevation. 


jkfJhr4 


r^ 


Fig.  7.-PI-AN. 
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-n 


"^ 


I      I 


;    \ 


II     I 


Fig.  6. 

Front  Elevation 


VoiJJS,  Plate  II. 
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coelis8-exgixp:i)  fax  at  seghill  colliery.* 

By  C.  C.  LKACH. 

The  Corliss-engined  fan  at  Seghill  colliery  has  now  been 
running  for  10  yeai*8,  and  the  foHowing  particulars  may  be  of 
interest. 

Engine. — The  valve-gear  of  the  engine  has  required  neither 
repairs  nor  adjustment:  two  of  the  trip-gear  steel-plates  have 
been  turned  round,  as  the  edges  were  slightly  worn  and  occasion- 
ally failed  to  open  the  valves ;  but  this  did  not  a£Eect  the  speed 
of  the  engine.  Two  set«  of  piston-rings  have  been  put  in,  one  of 
Ihem  only  a  few  weeks  ago,  and  one  set  of  plates  for  the  metallic 
packing  of  the  piston-rod  has  been  replaced.  The  cylinder 
is  hardly  worn. 

The  engine  has  worked  absolutely  satisfactorily,  and  appar- 
ently will  continue  to  do  so  for  many  years  without  overhaul- 
ing^; and  the  continuous  work  through  day  and  night  is  equal 
to  30  years  work  at  the  rate  of  one  shift  a  Asiy. 

Ventilation, — The  following  measurements  of  the  air  have  been 
made  so  ns  to  compare  what  the  fan  is  now  doing,  with  what  it 
was  doing  when  tested  in  1893,  and  also  to  shew  the  improve- 
ment in  the  airways  in  the  pit. 

Tests  have  also  been  made  to  shew  the  effect  of  cleading  the 
fan-drift,  so  as  to  turn  the  air  into  the  inlet-opening  of  the  fan 
and  to  lessen  the  air-eddiee ;  and  also  of  cleading  the  fan-race, 
at  the  end  where  the  fan  runs  downward  into  it. 

If  the  airways  had  remained  in  the  same  condition  as  they 
were  in  1893,  it  would  have  required  2*42  inches  of  water-gauge 
to  produce  131,004  cubic  feet  of  air  per  minute  instead  of  0  96 
inch,  and  5*81  inches  of  water-gauge  for  208,170  cubic  feet 
of  air  per  minute  instead  of  217  inches  of  water-gauge. 

♦  Tram,  lu^t,  M.E,,  1893,  vol.  vi.,  page  48. 
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Tablk  I.— Fan -experiments  made  on  July  19th,  190*2. 

Approximate  Bfieed  of  Fau  in  Revolutiona  per  Minute.  40 

ConditifinH  of  Experiment.  !  A  B 


C'oiKlition  of  the  mine  

RevolatioDS  of  fan  per  minute      

Revolution  of  anemometer,  per  minute 

Velocity  of  air  per  minnte,  feet 

Volume  of  air  per  minute,  cubic  feet      

Water-gauge  in  drift,  inches        

Barometer  in  engine-house,  inches  

Temperatures  :  air,  wet  bulb,  degrees 

,,  ,,    dry  bulb,  degrees     

,,  drift,  wet  bulb,  degrees 

,,  ,,      dry  bulb,  degrees 

Boiler- pressure  i>er  square  inch,  pounds 

Mean  pressure  of  iiidicator-diagranis  per  square 
inch,  pounds         

Indicated  power  of  enuine,  horsepower 

Power  utilized  in  air,  horsepower  

Plant-efiiciency ,  per  cent 


Ordinary 

Ordinary 

Onlii 

40-26 

38 -or 

40^ 

779 

706 

743 

771 

70.» 

736 

140,376 

128,310 

133, 

102 

100 

1^ 

29-80 

29-79 

•29- 

50-5 

51-5 

54-. 

54-2 

59-5 

62-1 

58  0 

580 

58-1 

iTS-O 

58  0 

58t 

100 

100 

100 

29»5 

•27-08 

29- 

43-29 

36-96 

421 

•22-r>6 

•20-22 

21- 

52- 11 

54^71 

49- 

Ap|nT>xiiiiat«  Spetxl  uf  Fnn  in  KetoiutioiiH  iwr  Minute. 


CunditiooH  of  Kzperiinent. 

I  Condition  of  the  mine  

I  KevolutionH  of  fan  piT  minute 

I  Revolution  of  anemometer,  per  minute  .. 

.   VelcKjity  of  air  |>er  minute,  feet    ...         

I  Volume  of  air  |)er  minute,  cubic  feet 

Water-gauge  in  drift,  inches  

I  Bitrometer  in  onginehf>UHe,  incliCM 
TeiniK-Tatures :  air,  wet  bulb,  degrees    ... 
,,    dry  bulb,  degrees     ... 
drift,  wet  bulb,  degrees... 
,.  ,,       dry  bulb,  degrees  ... 

Boiler- pressure  per  miuare  inch,  p<»undH 
Mean  uressure  of  indicator-diagrams  per  square 
incn,  iK)und8 

Iiidicate<l  power  of  engine,  horsepower 

Power  utilized  in  air,  horsepower 

Plant -erticicncy,  per  cent.  


Hefcrence:    A.  i-lfatliiiK^  in  fMU-ilrifc  ami  on  fan  racf .  H,  rleadiDK  only  in  f»n-<lrift;  C.  «i 
any  rfealinK.  a**  in  1893. 

Th(»  inrreaso  in  iho  vohimo  of  air  and  the  decrease  in 
water-^rau^ro  is  due  to  iniproyements  in  the  shafts  and  airwi 
namely:-  The  John  (downcast)  shaft  has  been  widened  froi 
diameter  i>f  SA  feet  to  V2  feet,  for  a  h>ngth  of  MM)  fc«t  to 
Yard  sejini,  the  wooden  ^nides  have  been  rephieeil  by  steel- 
guides,  longer  cages  are  used,  and  a  steam-pipe,  10  inches 
<liameter,  has  bi»i»n  taken  out  of  this  shaft  for  a  length  of  4of)  f 


Onlinary 

(>rdinar\ 

Oidir 

5!>-93 

59-96* 

59- 

1,157 

1,111 

M- 

1,134 

1.08S 

1,1: 

-J06,;«8 

198,071 

20,\\ 

2-25 

2-15 

2- 

•29-79 

29-79 

29-: 

..1-2 

52-5 

54-; 

65-5 

59i> 

621 

57-5 

57-5 

57-; 

58  0 

58-0 

:^'i 

100 

100 

lOo 

64  02 

60-15 

62-: 

137-77 

1-29-51 

133-1 

73- 17 

67-10 

69-: 

5:mi 

51 -SI 

52 -t 
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In  the  Engine  (downcast)  shaft,  11^  feet  in  diameter,  the 
kiattice-diTision  has  been  removed  from  top  to  bottom  for  a 
length  of  456  feet,  and  4  cages  and  wooden  guides  have  been 
replaced  by  2  big  cages  and  steel-rail  guides. 

Tjlble  II.  —The  Fan-experimbnts  ok  1893  ark  Compared  with  thosk  of 

1902,  both  Series  beii^o  Reduced  to  Speeds  of  40  and  60 

Revolutions  per  Minute. 


K«TulatioiM  of  Fui  per  Minute. 

« 

I 

1                      foodltioiw  of  Batperiment. 

A         1          B 

1 

1902. 

c, 

1                            Date  nf  Kxperiment. 

1 

1902.       1       1902. 

1 

139,777    135,027 

101     ,     Ml 
43-29     '  36-96 
52-44        48-94 

im 

;  Volame  of  air  per  minute,  cubic  feet 

1  Water-gauge  in  fan-drift,  inches 

Indicated  power  of  engine,  horsepower*  ... 

Equivalent  orifice  of  mine,  square  feet 

131,004 

0-96 

42-98 

5004 

88,400 

110 

29-61 

31-44 

R(>Tolationii  of  Fan  per  Mhintc. 


Conditions  of  Experiment. 
Date  of  Expeiiment. 


Vohune  of  air  per  minute,  cubic  feet 
Water-gauge  in  fan-ilrift,  inches  ... 
Indicated  power  of  engine,  horsepower*  . 
Kquivalent  orifice  of  mine,  square  feet 


A 

1902. 

206,630 

2-26 

137-77 

51-65 


c 


c, 


1893. 


198,207 

208,170 

2-16 

217 

129-51 

133-94 

50-51 

52-52 

134,000 
2-42 
96-11 
32-26 


■^  Not  forrectwl. 


The  return  and  intake  airways  have  also  been  improved,  and 
in  some  eases  doubled,  and  larger  openings  have  been  miule 
into  the  upcast  shaft,  which  is  11  feet  in  diameter. 

In  1893,  there  were  10  main  splits  of  air,  with  a  total  length 
of  96,000  feet,  and  in  1902,  there  were  12  main  splits  with  a 
length  of  163,000  feet. 


Mr.  T.  H.  Bailey  (Birmingham)  said  that  the  members  were 
indebted  to  Mr.  Leach  for  going  so  minutely  into  the  particulars 
^Hch  were  contained  in  the  tables  accompanying  his  paper,  as 
they  enabled  others  to  see  some  of  the  mistakes  and  difficulties 
under  which  Mr.  Leach  had  been  labouring.  He  asked  what  was 
the  area  of  the  shaft,  of  the  fan-drift,  and  of  the  opening  from 
the  shaft  into  the  fan-drift. 


96  Discrssiox — corliss-exginkd  fax. 

Mr.  C.  L.  Watsox  (New  Tredegar)  said  that  at  the  Powell 
Duffryn  collieries.  South  Wales,  several  fans,  dealing  with  Teiy 
large  (luantities  of  air  and  mostly  of  the  Walker-Guibal  type, 
were  in  use,  driven  by  Corliss-valvecl  engines.  The  engines  iu 
each  ca«e  were  compound  condensing,  and  verj'  good  results  had 
been  obtained  from  the  Corliss  valvee.  All  the  newer  engines, 
including  the  winding-engines  at  their  new  colliery  at  Bargoed, 
which  were  compound  with  four  cylinders,  were  being  fitted  with 
Corliss  valves  and  expansion-gear. 

Mr.  J.  A.  G.  Koss  (Newcastle-upon-Tyne)  said  that  one 
advantage  of  the  Corliss  valve  was  that  it  was  so  very  susceptible: 
it  was  so  delicate  that  the  governor  acting  upon  it  cut  off  steam  in 
proportion  to  the  work  done,  and  if  at  any  instant  there  was  a 
sudden  demand  for  work  they  could  instantly  raise  full  steam. 
A  Corliss  engine  was  erected  at  the  Elswick  engine-works,  about 
30  years  ago,  and  it  had  always  worked  satisfactorily.  The 
Corliss  valve  worked  economically  and  with  little  fricti(m :  and 
the  trip-gear  was  delicate,  and  worked  with  the  slightest  move- 
ment. 

The  Chairman  (Mr,  J.  S.  Dixon)  remarked  that  he  had  no 
doubt  that  the  enlargement  in  the  airways  had  been  of  (consider- 
able advantaj;e.  The  old  theors*  of  ventilation  was  summed  up 
in  the  words  *'  big  airways.'' 

Mr.  C.  C.  Lkach  said  that  the  paper  was  re^illy  a  continuation     • 
of  one  read  when  the  fan  was  started  some  years  ago.*     The  fan- 
drift  had  an  area  of  191  square  feet,  and  the  openings  into  the 
shaft  were  as  large  as  they  could  be  made. 

Mr.  ('.  H.  IxxKs  (Newcastle-uixm-Tyne)  wrote  that  he  had 
read  with  much  interest  Mr.  Leiuh's  pa|>er  on  the  Sc^hill  fan: 
the   tests    had    evidently    been    made    with    care,    and    were  of 
scientific  as  well  as  pi*a<tical  value.     The  acc'uracy  of  the  testa 
was  shewn  by  the  fact  that  in  each  pair  of  tests.  A,  H  and  (\  the 
etjuivalent  orifice  was  practically  constant,  and  the  discharge  in 
cubic  feet  per  minute  was  very  nearly  proportional  to  the  revolu- 
tions :  for  example,  in  the  two  tests  A,  it  was  -^,509  by  revolutioiut, 
and  '5,439  by  revolutions.    The  water-gauge  was  also  very  aearly 
proportional  t4)  the  s({uare  of  the  revolutions,  thus  in  test  A  it  wa* 
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revolutions  squared  divided  by  1,5()8  and  revolutious  squared 
divided  by  1,600.     Under  these  circumstances,  he  (Mr.  Innes) 
thought  it  a  great  pity  that  detjiils  were  omitted  that  should, 
where  possible,  be  given  for  every  fan-test.     In  the  first  place, 
the  leading  dimensions  of  the  fan  should  be  given,  the  diameter 
of  the  wheel,  the  diameter  and  lutmber  of  inlets,  the  breadths  at 
the  internal  and  the  external  radii,  and  the  angles  made  by  the 
vanes  with  the  tiuigents  at  the  inner  and  out^r  circumferences ; 
the  dimensions  of  the  difEuser,  if  any,  and  the  sections  of  the 
volute  by  4  planes  at  right  angles,  the  first  being  taken  by  a 
plane  passing  through  the  axis  of  90  de^ees  from  the  beak  of 
the  volute;  and  a  drawing  of  the  fan  should  also  have  been  given. 
The  position   of   the   water-gauge   should    also   be   stated,    and 
whether  its  end  was  turned  like  that  of  a  Pi  tot  tube,  in  a  direc- 
tion opposite  to  that  of  the  air-current,  or  whether  it  was  placed 
at  right  angles  to  it.       Messrs.  Heenan  &  Gilbert's  tests  with 
a  fan,  published  some  years  ago,*  showed  the  importance  of  the 
tip  given  to  the  water-gauge.     The  manner  of  measuring  the  dis- 
charge should  be  fully  explained  and  illustrated  by  a  drawing, 
showing  how  the  fan-drift  or  the  top  of  the  chimney  was  divided 
into  suitable  areas.     It  should  also  be  stated  whether  the  fan  was 
driven    direct    or    otherwise.       Had    Mr.    Leach    supplied    this 
information  it  would  have  increased  the  value  of  the  tests.       It 
was  strange  that  the  mechanical  efficiencies  at  ()()  revolutions  were 
on  the   averivge   so  very   little  better  than   those  at  40.        The 
efficiency  of  an  engine  increased  with  the  mean  pressure,  while 
that  of  the  fan  remained  constant  for  a  given  e(|uivalent  orifice, 
so  that  the  combined  efficiency-  should  increase. 

The  Chairmax  (Mr.  J.  S.  Dixon)  moved  a  vote  of  thanks  to 
Mr.  Leach  for  his  valuable  paper. 

Mr.    Bailey    seconded    the   resolution,    which    was    cordially 
approved. 


Mr.  W.  Blakemore's  paper  on  *'  The  Fernie  Explosion,"  was 
read  as  follows  :  — 


♦  MintUes  of  Proceedings  of  the  IiiHtitiUioii  of  Civil  EnginterHy  1896,  vol.  cxxiii., 
pages  272  294. 
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THE  FERNIE  EXPLOSION. 

Bv  W.  BLAKEMORE,  Montreal. 

On  May  22nd.  1902,  at  7  p.m.,  an  explosion  oerurred  in  th< 
Fernie  mines  of  the  Crow's  Nest  Pass  Coal  Company,  resultini 
in  the  death  of  130  men.  The  first  evidence  of  the  explosion  w; 
conveyed  to  the  outside  world  by  a  roaring  noise,  and  a  cloud  oflBi 
dust  blown  from  the  mouth  of  No.  2  mine,  and  through  the  roo^K^ 
of  the  fan-house,  situated  near  by,  to  an  alleged  height  of  1,00("  ' 
feet  in  the  air.  There  was  just  one  blast  and  then  all  was  still :  : 
no  flame  and  no  smoke.     The  roof  was  blown  off  the  fan-houst^^ae 

and  the  large  trap-doors  overlying  the  air-channel  were   alsc > 

blown  away ;   this  saved  the  fan,  which  was  not  injured  in  tht.     "^ 
slightest  degree,  but  continued  to  revolve  as  if  nothing  haCl3 
happened.     In  the  course  of  2  hours,  the  roof  of  the  fan-hous^^ 
waa  sufficiently  repaired  to  allow  of  the  fan  doing  effective  work   -- 
and  a  party  of  rescuers  at  once  made  their  way  into  the  mine. 

At  this  point  it  may  be  interesting  to  mention  that  the  min^^ 
in  question  is  situate  upon  the  southern  bank  of  Coal  creek,  & 
mountain-stream  which  flows  into  the  Elk  river,  the  mine  being 
situate  about  5  miles  from  the  river  and  from  the  town  of  Fernie, 
from  which  it  takes  its  name.  The  coal-field  is  the  now  well 
known  Crows  Nest  Pass  district,  a  basin  some  40  miles  in  length 
by  10  miles  in  width,  containing  upwards  of  twenty  seams  of 
high-grade  bituminous  coking  coal.  The  No.  2  mine,  with  an 
output  of  about  1,500  tons  a  day,  had  been  in  operation  for  four 
years,  and  had  worked  out  an  approximate  area  of  100  acres. 
The  system  adopted  was  bord-and-pillar,  the  rooms  being  20  feet 
wide  and  the  pillars  30  feet  thick,  with  cross-cuts  20  feet  wide 
driven  every  100  feet.  The  seam  worked  was  6  feet  thick,  with 
a  strong  sandstone-roof  and  a  hard  shale-floor;  the  coal  itself 
being  soft  and  friable,  and  yielding  not  more  than  50  per  cent. 
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nf  coal  passing  over  1  inch  mesh.  The  mine,  being  praotieally 
free  from  water,  was  dr^'  and  dusty,  and  a  considerable  amount 
of  gas  was  produced  and  could  generally  be  detecte<l.  The  seam 
dipped  at  an  angle  varying  from  5  to  20  degrees  from  the  main 
lerp],  nearly  all  the  workings  being  to  the  deep.  This  descrip- 
tion will  give  some  idea  of  the  character  of  the  mine,  and  will 
make  it  easy  to  follow  the  description  of  the  explosion. 

The  first  thing  which  the  rescuing  party  discovered  was  that 
the  main  air-crossings  had  been  blown  out.  Of  these  there  were 
two,  one  at  A,  and  the  other  at  B  (Fipr.  1,  Plate  XII.),  the  one 
at  A  being  about  1,200  feet  from  the  entrance  of  the  mine  and 
that  at  B  some  300  feet  further  inbye.  It  was  discovered,  in 
addition  to  this,  that  nearly  all  the  air-stoppings  alongside  the 
main  deep  and  the  main  level  had  been  blown  out,  from  which 
it  will  at  once  be  observed  that  the  ventilati(m  had  been  destroyed 
br  the  explosion,  and  that  the  circulation  when  the  mine  was 
re-entered  could  only  extend  from  the  entrance  of  Xo.  2  mine  as 
far  as  A  or  B  and  back  to  the  fan-house. 

The  work  of  the  rescue-party  extended  over  four  weeks  :  and, 
at  the  end  of  that  time,  every  part  of  the  mine  had  been  visited, 
and  all  the  bodies  recovered  except  four,  which  are  still  in  the 
mine  and  probably  lie  buried  under  debris.  With  the  exceptions 
noted  hereafter,  all  the  bodies  were  found  in  the  places  where  the 
men  were  known  to  be  nt  work,  death  in  every  instance  having 
been  instantaneous.  The  exception  is  in  the  case  of  workmen, 
from  what  is  known  as  the  high  line  or  No.  1  district  (Fig.  1, 
Plate  XII.),  who  were  rallied  by  their  boss,  a  young  English- 
man named  Brearley,  «nd  led  out  of  the  working-places  until 
they  came  to  E,  on  their  way  to  the  exit,  when  they  ran  into  the 
after-damp  which  was  rapidly  travelling  upward  from  the  lower 
workings,  and  were  overpowere<l.  When  found,  they  were  lying 
together  with  Brearley  at  their  head,  with  their  lamps  in  their 
hands,  in  the  position  of  men  who  had  just  fallen  down  through 
suffocation.  The  number  of  this  party  was  22.  The  other 
exception,  referred  to,  was  in  the  case  of  the  men  from  No.  3 
mine  which  is  connected  with  No.  2  mine.  These  men  were 
working  in  the  eastern  section  of  No.  8  mine,  to  the  number  of  24. 
What  happened  to  them  may  be  best  described  in  the  words  of 
one  of  the  survivors,  who  gave  evidence  at  the  inquest,  Charles. 
Burrows.     He  said  :  — 
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We  were  at  work,  when  all  at  once  I  felt  a  peculiar  ringing  in  my  ears,  and 
then  a  pressure  as  if  my  head  would  be  burst  in.  I  heard  no  noise,  but  the  lights 
went  out  [all  the  men  in  No.  3  mine  were  working  with  naked  lights]  ;  I  knew 
what  it  meant,  because  I  had  been  in  an  explosion  in  Nova  Scotia,  so  I  shouted 
and  said  *' Boy8,  there's  been  an  explosion  let  us  get  out.''  We  all  got 
together  and  started  for  the  dee))  an<l  commence<l  to  travel  up  ;  at  the  comer  [F] 
we  met  the  after-damp,  but  it  was  not  very  strong  and  we  continued  our  way, 
running,  walking,  and  sometimes  crawling,  until  we  got  within  50  or  00  feet  of  the 
entrance  to  the  mine.  The  after-damp  had  been  getting  stronger,  and  here  it  over- 
powered us ;  some  of  the  men  fell  to  the  ground,  I  fell  and  in  stretching  out  my 
hand  to  save  myself  I  put  it  into  the  dust  which  lay  along  the  side  of  the  roa^l,  and 
it  felt  so  hot  that  I  thought  my  hand  was  burnt,  and  quickly  pulled  it  away 
again  ;  I  staggered  on.  and  finally  fell  down  within  a  few  feet  of  the  entrance  to 
the  mine,  and  I  knew  no  more  until  I  found  myself  outside. 

The  whole  of  these  men  were  rescued  by  ii  party  from  the 
ontsi(h\  havin^sr  made  their  way  so  near  to  the  entrance  of  the 
mine  that  they  could  be  seen.  The  evidence  of  (-harles  Burrows, 
which  was  confirmed  by  others  of  his  fellows,  is  extremely  inter- 
esting as  illustrating  the  effect  of  the  explosion  upon  the  men 
themselves,  and  upon  the  coal-dust,  which  at  a  distance  of  at 
least  3,000  feet  from  the  supposed  origin  of  the  explosion,  and 
in  a  part  of  the  mine  where  there  was  ('onsiderable  water  and  no 
gas,  was  found  to  be  heated  to  the  point  of  almost  burning  the 
men.     This  fact  is  well  worth  study. 

All  the  other  men,  who  were  killed,  were  found  at  or  near  to 
their  working-places,  and  most  of  them  had  not  moved.  The 
working-places,  generally  speaking,  are  shown  in  Fig.  1  (Plate 
\II.)  comprizing  No.  -*{  mine,  west  side:  and  No.  2  mine.  No.  2 
distri<*t.  No.  •{  distri(»t,  MacDonald  level  and  Beaver  level,  up- 
wards of  100  men  being  recovered  from  these  places,  the  totiil 
number  of  men  in  the  mine  being  154. 

The  evidence  showed  thai,  with  few  exc;epii(ms,  the  men  were 
killed  l)y  Jifter-damj),  the  exceptions  being  somewhat  peculiar, 
and  clearly  illustrating  the  fact  that  there  must  have  l>een  local 
expl<»si(nis,  very  limited  in  extent,  but  terrific  in  force,  and  that 
thes(»  must  have  occurred  immediately  after  the  main  explosion. 
This  is  shown  by  the  fact  that  at  Ct,  in  No.  1  room  of  the 
Mac  Don -lid  level,  at  H,  near  the  face  of  the  MacDonald  level. 
and  at  I,  in  No.  1  machine-room,  the  bodies  of  men  were  found 
terribly  mutilated,  whilst  in  the  intervening  working-places  the 
bodies  were  unmarked  and  indicatinl  that  the  victims  had  died  a 
painless  death. 
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This  leads  to  the  consideration  of  the  probable  locality  and 
cause  of  the  explosion,  and  upon  this  point  it  is  only  fair  to  state 
tiat  two  totally  distinct  theories  were  put  forward  at  the  inquest, 
both  strongly  supported  by  evidence,  and  that  after  a  most  care- 
fully conducted  inquiry  extending  over  a  fortnight  the  jury  were 
unable  to  decide  in  favour  of  either  theory,  and  so  left  that  part 
ot  the  matter  an  open  question.     The  theory  brought  forward  by 
the  workmen's  committee,  which  examined  the  mine  after  the 
explosion,  attributed  its  origin  to  the  firing  of  a  shot  in  a  cross- 
cut near  the  face  of  No.  1  machine-room  at  C  (Fig.  1,  Plate  XII.). 
The  evidence  upon  which  the  workmen's  committee  based  their 
theory    was    as    follows: — The    appearance    of    the    cross-cut 
indicated  that  a  shot  had  been  fired  during  the  shift,  which  had 
just  started  when  the  explosion  took  place.       Thej'  found  coal 
down,  which  they  could  not  account  for  on  any  other  supposition. 
The  body  of  the  shot-firer  was  blown  against  the  face  of  the  room, 
and  the  position  of  the  hose-pipes  and  one  empty  car  was  consistent 
with  an  explosion  having  taken  place  at  the  i>oint  indicated. 
Further,  the  men,  who  were  most  experienced  and  competent 
miners,  swore  positively  that,  when  travelling  from  C  across  the 
main  deep  and  along  the  main  return-airway  in  the  direction  of 
the  MacDonald  level  (the  airway  being  marked  J  on  Fig.  1),  they 
found  the  timbers  and  brattice  blown  in  the  direction  of  the 
MacDonald  level. 

Having  heard  this  evidence,  as  well  as  that  given  in  contra- 
diction, the  writer  is  driven  to  the  following  conclusion,  and  it  is 
one  which  it  will  be  well  to  discuss,  namely: — Either  that  the 
original  explosion  occurred  at  C,  or  that  there  was  a  local 
explosion :  one  or  the  other  being  necessary  to  account  for  the 
position  of  some  of  the  bodies  and  appliances  in  the  No.  1  machine- 
room.  If,  after  considering  all  that  remains  to  be  said  on  this 
subject,  it  is  thought  that  a  local  explosion  could  be  produced 
at  this  point,  subsidiary  to  the  greater  explosion,  then  the  writer 
thinks  that  it  would  be  suflScient  to  account  for  the  conditions 
presented. 

The  other  theory,  put  forward  by  the  management  and  sup- 
ported by  the  Government  experts,  is  that  at  the  face  of  the 
MacDonald  level,  at  D,  where  a  small  feeder  of  gas  was  known  to 
exist,  and  was  found  still  to  be  giving  off  gas  after  the  explosion, 
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the  gas  was  fired  and  conveyed  the  explosion  to  the  coal-dust, 
which  was  abundant  in  that  part  of  the  mine,  and  thence  it  was 
spread  throughout  the  workings.  In  support  of  this  latter 
theory,  it  must  be  admitted  that  there  is  a  strong  point  in  the 
actual  presence  of  a  feeder  of  gas  at  the  pla/^e  indicated,  but  the 
question  of  how  it  was  fired  will  forever  remain  a  mystery.  The 
experts  claimed  that  they  were  able  to  trace  the  direction  of  the 
force  of  the  explosion  from  D  outward  along  the  MacDonald 
level  and  the  working-rooms  therein  to  G:  part  of  the  force 
travelling  through  the  airway,  J,  to  the  west,  and  part  through  the 
airway,  K,  leading  to  the  No.  3  mine.  In  this  connection  it 
must  be  noted  that  the  chief -superintendent  of  the  company- 
attributed  the  widespread  character  of  the  explosion  to  the  dust, 
which  had  accumulated  in  the  old  workings,  the  area  of  which  is 
stated  to  be  upwards  of  100  acres.  Matches  were  found  in  the 
pockets  of  some  of  the  miners,  as  well  as  pipes  and  tobacco,  but 
none  were  found  in  the  pockets  of  the  men  recovered  from  the 
MacDonald  level. 

We  have  now  sufficient  information  to  enable  us  to  weigh 
to  some  extent  the  probabilities  connected  with  this  terrible 
disaster,  and  to  suggest  some  important  considerations.  As 
to  the  possible  cause  of  the  explosion,  it  should  be  borne  in  mind 
that,  although  the  mine  was  known  to  be  gaseous,  and  naked  lights 
had  been  abolished  for  some  2  years  or  more,  as  a  matter  of  fact 
the  mine  had  been  reported  free  from  gas  for  many  months,  and 
the  Government  inspector  of  mines,  who  made  a  monthly  examina- 
tion, had  failed  to  discover  gas  during  the  present  year.  There- 
fore it  may  bo  taken  for  granted  that  the  mine  was  considered  (on 
all  hands)  to  be  free  from  gas  at  the  date  of  the  explosion.  There 
is  the  further  consideration  that  no  prospective  headings  were  in 
operation,  which  could  unexpectedly  tap  a  large  feeder,  and  that, 
so  far  as  is  known,  and  indeed  as  the  writer  thinks  result*  prove, 
there  was  no  accumulation  of  gas  in  the  old  workings.  On  the 
other  hand,  the  evidence  showed  (and  on  this  point  there  was 
abundant  evidence)  that  throughout  the  whole  of  the  mine  there 
was  a  considerable  accumulation  of  coal-dust.  In  the  main 
roads,  and  cspcMially  in  the  main  deep  (Fig.  1,  Plate  XII.),  it 
was  said  to  have  accumulated  to  a  depth  of  18  or  20  inches.  In 
the  old  workings,  it  was  admitted  by  all  parties  that  no  dust 
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whatever  had  been  removed  since  the  workings  were  shut  off, 
and  that  there  was  a  considerable  quantity  there.  The  only 
attempt  to  remove  dust  was  at  the  working-faces,  where  it  was 
taken  out  before  shots  were  fired.  It  is  admitted  that  the  system 
of  removing  the  dust  was  very  imperfect,  there  being  no  regular 
staff  of  men  employed  for  the  purpose,  and  no  rule  for  constant 
removal.  The  evidence  seemed  to  show  that  it  was  removed 
chiefly  when  it  became  an  impediment  to  haulage.  With  the 
exception  of  three  or  four  points  in  the  mine,  where  there  were 
sudden  alterations  of  gradient  and  the  water  which  was  naturally 
given  off  by  the  strata  accumulated,  the  whole  of  the  mine  was 
dry,  and  in  pursuance  of  the  requirements  of  the  Coal-mines 
Regulation  Act  it  was  customary  to  do  some  watering  in  the 
working-places  before  firing  a  shot.  This,  however,  was  not 
systematized,  the  only  appliance  being  an  ordinary  wooden  tub 
with  a  bucket  or  can,  and  the  evidence  distinctly  showed  that 
with  such  appliances  the  amount  of  water  was  quite  inadequate. 
It  will  be  seen  from  the  foregoing  facts  that,  whatever  may 
have  been  the  case  with  respect  to  gas,  there  was  a  sufficient 
accumulation  of  dry  coal-dust,  throughout  the  mine,  to  produce 
a  terrific  explosion  if  it  were  once  started,  and  the  only  problem 
in  the  whole  case  is  as  to  how  it  was  started. 

The  writer  is  disposed  to  think  that  a  careful  study  of  the  con- 
ditions existing,  in  the  light  of  experiments  recently  made  with 
coal-dust,  might  possibly  lead  to  the  conclusion  that  this 
explosion,  like  many  others,  might  have  originated  without  the 
assistance  of  gas.  Experienced  miners  employed  in  this  mine 
deposed  to  the  fact  that  the  atmosphere  was  so  loaded  with  dust 
that  it  would  accumulate  upon  the  lamp,  and  that  upon  shaking 
the  latter  to  get  rid  of  the  dust  they  have  frequently  known  the 
lamp  to  be  filled  with  flame,  in  a  number  of  places  where  there 
was  no  possibility  of  gas  being  present.  The  question  is  whether, 
in  such  a  mixture  of  coal-dust  and  air,  such  a  flame  might  not 
communicate  with  the  air  surrounding  the  lamp  and  so  pre- 
cipitate an  explosion.  Then  there  is  the  further  condition  known 
to  exist  of  constant  blasting,  in  a  mine  in  which  the  atmosphere 
was  charged  with  dry  coal-dust.  Is  it  within  the  knowledge  of 
any  of  the  memberSi  that  under  such  conditions  an  explosion  has 
been  produced  without  the  presence  of  gas  ?  There  is  abundant 
evidence,  repeated  again  and  again,  to  show  that  in  the  Fernie 
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mine  coal-dust  has  been  frequently  set  on  fire  by  a  blast,  and  great 
difficulty  has  been  experienced  in  extinguishing  it.  Is  it 
possible  that  this  ignition  may  have  gone  to  the  point  of  explosion  ? 
If  either  of  these  latter  questions  can  be  answered  in  the  affirm- 
ative, it  would  not  be  necessary  to  look  any  further  for  the  cause 
of  the  Fernie  explosion ;  but  as  the  other  theory  referred  to  was 
so  firmly  held  by  the  Government  experts  it  is  only  fair  to 
examine  it,  and  in  this  connection  the  first  qualifying  considera- 
tion is  that  the  lamp  in  use  must  be  undoubtedly  classed  among 
the  defective  safetys.  It  is  a  simple  bonnetted  Clanny  lamp,  and, 
within  a  few  feet  of  1)  where  the  small  fee<ler  of  gas  existed,  one 
of  these  lamps  was  found  completely  shattered  and  evidently 
blown  to  pieces  by  the  force  of  the  explosion,  whether  the  original 
one  or  not  it  is  impossible  to  say.  But  certainly  an  important 
factor  in  the  case  is  the  presence  in  the  mine  of  a  lamp  of  this 
class,  which  in  contact  with  any  feeder  of  gas  would  immediately 
become  an  instrument  of  danger  and  of  possible  ignition. 

The  theory  that  the  small  feeder  of  gas,  referred  to,  origin- 
ated the  explosion  is  not,  in  the  writer's  opinion,  a  very  strong 
one  for  the  following  reasons :  (1)  The  quantity  of  gas  given  off 
was  so  small,  that  only  in  the  case  of  almost  incredible  lareless- 
ness  could  it  have  accumulated  in  sufficient  quantity  to  have 
caused  an  explosion.  (2)  It  was  known  to  exist  a  long  time  before 
the  occurrence  of  the  explosion,  but  it  was  so  feeble  that  it  could 
not  be  detected  by  a  lamp,  even  when  the  lamp  was  held  close  to 
it,  and  one  of  the  men,  an  experienced  miner,  who  gave  evidence, 
testified  that  the  only  way  that  he  could  devise  was  to  place  his 
ear  close  to  the  feeder  when  he  could  feel  what  he  described  im  a 
small  breath  against  his  face.  The  Company's  chief  engineer,  who 
supporte<l  this  theory,  admitted  on  cross-examination  that  he  did 
not  think  the  feeder  yielded  as  much  as  10  cubic  feet  per  minute, 
and  certainly  the  evidence  tended  to  show  that  the  quantity  would 
be  much  less  than  this.  Then  there  is  the  further  difficulty  that, 
according  to  the  evidence  of  the  chief  engineer,  there  was  an  air- 
current  of  from  400  to  000  feet  per  minute  velocity  passing  along 
the  MacDonald  level  and  at  the  very  point  where  this  gas-fee<ler 
existed,  so  that  nothing  could  account  for  the  ignition  of  the  gas, 
so  far  as  the  writer  is  able  to  see,  but  an  interference  with  the 
air-current  which  would  allow  the  gas  to  accumulate  instead  of 
being  carried  ofl^.      How  this  could  have  continued  long  enough 
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with  SO  feeble  a  feeder,  to  fill  even  the  upper  portion  of  the  levels 
and  bring  the  gas  down  to  the  lamps  the  writer  is  at  a  loss  to 
understand,  it  being  remembered  that  the  gas-feeder  was  in  the 
roof  of  the  seam  of  coal,  which  was  6  feet  high. 

The  only  way  in  which  the  writer  thinks  that  it  is  possible  for 
this  gas  to  have  been  ignited,  without  assuming  the  grossest 
possible  negligence  amounting  to  criminality,  is  best  illustrated 
by  Fig.  2  (Plate  XII.),  which  shows  the  arrangements  of  brattic- 
ing  at  the  point  in  question,  the  gas-feeder  being  shown  at  D. 
The  MacDonald  level,  12  feet  wide  and  6  feet  high,  was  ventilated 
by  means  of  board-brattice,  extending  from  E  to  F,  the  air  going 
in  along  the  upper  side  and  returning  along  the  lower  side  to  the 
Beaver  level.  At  E,  there  was  a  door  extending  from  E  to  G, 
through  which  the  cars  travelled  upon  the  track  to  the  face  of 
the  Beaver  level ;  there  was  no  check  of  any  kind,  so  that  when- 
ever the  cars  were  run  into  the  Beaver  level,  the  door,  E  G,  was 
open  and  possibly,  as  was  admitted  in  the  evidence,  left  open  until 
the  return  of  the  driver.  Such  being  the  case,  there  would  be  an 
interval  when  ventilation  would  be  entirely  cut-off  from  the  Mac- 
Donald  level,  and  during  that  time  the  gas  given  off  at  the  feeder, 
D,  would  be  accumulating.  The  whole  question  is  whether  the 
accumulation  would  be  suflSciently  rapid  to  reach  the  danger- 
point  before  the  ventilation  was  renewed  by  the  closing  of  the 
door,  E  G ;  and  in  this  connection  one  has  to  consider  whether  it  is 
possible  or  probable  that  the  men  working  at  the  face  of  the 
MacUonald  level  would  be  content  to  be  deprived  of  air  by  allow- 
ing the  door  to  remain  open  long  enough  for  any  considerable 
accumulation  of  gas  to  take  place.  Be  that  as  it  may,  these  are, 
so  far  as  the  writer  has  been  able  to  discover,  the  only  considera- 
tions bearing  upon  this  suggestion  as  to  the  origin  of  the  explosion. 

In  the  course  of  the  enquiry,  many  interesting  views  were 
brought  forward,  and  as  they  led  to  much  speculation  and  theor- 
izing, the  writer  will  mention  a  few  of  them.  There  was  a  con- 
troversy between  the  Government  experts  and  the  miners,  result- 
ing in  a  difference  of  opinion,  as  to  the  direction  in  which  the 
force  of  the  explosion  travelled,  and  it  is  significant  that  two 
bodies  of  experienced  men  travelling  over  the  same  ground, 
noticeably  between  No.  1  machine-room  and  C,  along  the  airway, 
J,  and  the  MacDonald  level  should  resolutely  maintain  that  the 
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evidences  of  direction  were  exactly  opposite,  the  workmen  main- 
taining that  the  evidence  all  pointed  to  the  forces  having  travelled 
from  C  towards  the  MacDonald  level  and  the  Government  experts 
maintaining  that  it  travelled  in  exactly  the  opposite  direction.  On 
this  subject  of  conflicting  direction  of  forces,  the  writer  con- 
cluded long  ago,  and  the  Femie  explosion  has  confirmed  it,  that 
there  is  no  persistent  direction  resulting  from  a  great  explosion 
of  this  kind,  but  that  where  (as  in  this  case)  the  explosion  covers 
the  whole  of  the  mine,  the  force  manifests  itself  according  to  the 
weakest  point  of  resistance  in  every  possible  direction.  Thus, 
taking  the  main  deep  (Fig.  1,  Plate  XII.),  nearly  all  the  air- 
stoppings  on  the  eastern  side  of  the  main  deep  were  blown 
westward  towards  the  deep,  while  several  of  the  air-stoppings  on 
the  western  side  of  the  main  deep  were  blown  eastward.  In 
many  of  the  rooms,  also,  there  were  evidences  of  the  ioiAs  having 
been  blown  in  different  directions  in  the  same  room,  so  that  cme 
is  driven  to  the  conclusion  that  wherever  the  explosion  originated, 
and  however  it  spread  through  the  mine,  whether  as  one  con- 
tinuous blast  or  in  the  form  of  one  original  blast  and  a  number 
of  local  explosions,  the  evidence  of  direction  of  force  is  both  con- 
flicting and  erratic. 

Another  interesting  question  raised  and  greatly  debater!  was 
as  to  the  position  in  which  coal-dust  would  be  found,  upon  the 
posts  standing  perpendicularly  in  a  road  or  airway  along  which 
passed  the  blast  from  the  explosion.  Some  of  the  witnesses  main- 
tained that  the  force  of  the  explosion  would  drive  the  dust  into 
the  sides  of  the  timber  upon  the  side  nearest  to  the  direction  from 
which  the  blast  <'anie,  while  others  maintained  that  the  force  of 
the  blast  would  clean  that  side  of  the  post  and  leave  the  coal-dust 
adhering  upon  what  may  be  called  the  far  side.  In  the  writer's 
experience  both  arc  correct,  to  a  certain  extent.  Given  the  c'ase 
of  a  post  upon  which  there  was  already  a  certain  accumulation  of 
coal-dust,  the  writer  is  convini'ed  that  a  strong  blast  would  hurl 
the  minute  particles  of  dust  on  the  near  side  of  the  post  and  drive 
them  into  it  so  that  they  would  be  discovered  by  explorers,  and  at 
the  same  time  dust  might  remain  upon  the  tar  side  oi  the  post  if 
it  had  previously  been  there.  It  will  be  interesting  to  hear  what 
any  of  the  members,  who  have  had  experience  in  explosions,  have 
to  say  up<ni  this  point,  Invause  undoubtedly  there  are  cases  in 
which    con<Iusive    evidence    as    to    direction    of    force    mav    l)e 
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extremely  important  in  fixing  the  location  whence  the  explosion 
started  originally. 

The  writer  finds,  however,  that  by  far  the  most  interesting 
aspect  of  the  question,  from  the  standpoint  of  the  mining-engineer, 
is  that  this  was  essentially  a  coal-dust  explosion.  In  company 
with  the  chief  Government  engineer,  he  hurried  to  the  mine 
within  a  few  hours  after  the  explosion  had  occurred,  and  remained 
there  for  more  than  six  weeks,  being  present  throughout  the 
Government  enquiry,  and  he  had  no  difficulty  in  coming  to  the 
conclusion  that,  whatever  may  have  originated  the  explosion,  it 
was  coal-dust  which  carried  it  throughout  the  mine.  There  was 
no  evidence  whatever  of  the  slightest  quantity  of  gas  at  any  point 
in  the  mine  except  the  small  gas-feeder  already  referred  to,  and 
this  was  so  inconsiderable  in  quantity  that,  but  for  the  other  pre- 
vailing conditions,  the  effects  of  the  explosion  would  have  been 
confined  to  the  face  of  the  MacUonald  level  and  the  loss  of  life 
would  probably  not  have  been  more  than  2  or  3  men.  In  his 
experience,  extending  over  thirty  years,  there  has  been  no 
explosion  so  directly  attributable  in  all  its  disastrous  results  to 
the  presence  of  coal-dust,  nor  one  more  calculated  to  arouse  the 
mining-engineer  to  a  sense  of  responsibility  in  dealing  with  what 
Prof.  Galloway  has  properly  called  *'  a  more  dangerous  element 
in  coal-mines  than  gas."  The  behaviour  of  the  coal-dust  in  this 
case  is  in  itself  an  interesting  matter  for  study,  because  it  fully 
bears  out  the  theory  which  has  been  laid  down  for  several  years 
as  to  what  actually  takes  place  under  such  conditions.  There 
may  have  been  a  slight  explosion  of  gas,  the  presence  of  coal- 
dust  leading  to  the  generation  of  carbonic  oxide  ;  this,  distributed 
by  the  force  of  the  explosion  and  coming  into  contact  with  float- 
ing bodies  of  dry  coal-dust,  caused  instant  distillation,  the  pro- 
duction of  more  carbonic  oxide,  the  using  up  of  whatever  oxygen 
could  be  reached,  and  in  several  localities  the  production  of 
farther  explosions.  Upon  this  latter  point,  there  can  be  no 
doubt,  for  the  reasons  stated  earlier  in  this  paper.  So  that  it  is 
j>os8ible  with  the  mind's  eye  to  see  how  in  a  few  seconds  this 
explosion,  which  was  slight  and  local  in  its  initiation,  finding 
a  suitable  medium  upon  which  to  operate,  ran  throughout  the 
whole  of  the  mine  with  the  speed  of  the  electric  fluid,  producing 
universal  ignition,  concussion  and  local  explosions,  of  which  the 
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only  constant  feeder  was  an  accumulation  of  coal-dust.  This 
theory  is  inlly  borne  out  by  the  condition  of  the  mine ;  for 
instance,  in  nearly  all  the  workings-places,  where  the  coal-dust 
was  freest  and  purest,  there  was  considerable  coking  both  upon 
the  timbers  and  the  sides  of  the  working-places,  whereas  there  was 
no  coking  discovered  in  the  hauling-roads  or  airways.  The  writer 
attributes  this  to  the  greater  facility  with  which  the  purer  coal- 
dust  yielded  to  the  influence  of  the  explosive  current ;  it  also 
explains  the  widespread  production  of  after-damp. 

There  are  some  lessons  which  should  be  learned  from  this 
catastrophe,  coming  as  it  does  upon  the  heels  of  others  in  which 
the  game  prominent  features  have  predominated.  The  writer 
thinks  that  we  may  well  begin  to  doubt  the  efficacy  of  **  water- 
ing" as  a  preventive  of  coal-dust  explosions.  Not  that  it 
could  be  claimed  that  the  watering  adopted  at  the  Feniie  mine 
was  in  any  sense  thorough  or  satisfactory,  but  because  there  v.'ere 
considerable  areas  of  the  mine  where  water  was  lying  or  dripping, 
and  j-et  these  wet  areas  had  no  eflFect  upon  the  spread  of  the 
explosion,  which  passed  over  or  through  them  with  apparently 
the  same  ease  as  would  have  been  the  case  if  they  had  been  dry. 
Another  deduction  is  that  the  evidence  adduced  at  this  imiiiiry 
with  respect  to  the  action  of  coal-dust  upon  a  safety -lamp  should 
lead  to  a  study  of  the  possible  ignition  of  a  mixture  of  coal-dust 
and  air  and  the  possible  production  of  an  explosion  through  this 
medium.  The  third  conclusion,  and  one  which  has  been  forced 
home  to  the  writer's  mind  more  or  less  during  the  last  ten  years, 
is  that  blasting  should  be  abolished  in  dry  and  dust^'  mines, 
apart  altogether  from  the  question  of  gas.  In  other  Canadian 
mines,  un<ler  the  writer's  c(mtrol,  he  has  known  coal-dust  to 
explode  in  a  working-room  as  the  result  of  a  blast,  and  although 
there  is  no  direct  evidence  of  this  in  the  Feniie  mine,  there  is, 
as  already  stated,  repeated  evidence  of  coal-dust  being  firecl. 
He  would  suL^gest  further  consideration  as  to  the  effects  of  violent 
(joncussiou  in  agitating  the  particles  of  coal-dust  which  float  in 
the  air,  and  producing  a  degree  of  heiit  rendering  the  atmosphere 
highly  inflammable  and  possibly  susceptible  to  influences  which 
wouhl  not  1m»  dangerous  under  other  conditions.  The  writer 
has  use<l  most  of  the  so-called  safety-explosives,  and  has  testcnl 
all  those  upon  the  Permitted  List,  and  whilst  he  is,  of  course. 
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prepared  to  admit  that  a  higher  percentage  of  safety  might  be 
attained  by  some  of  these  than  with  ordinary  powder,  he  is  con- 
vinced that  none  of  them  are  absolutely  as  safe,  as  is  popularly 
supposed :  and  he  would  go  further  and  state  that  none  of  them 
are  sufficiently  safe  to  meet  the  reasonable  requirements  of 
modem  mining.  While  with  the  better  explosives  there  is  a 
lessened  danger  of  ignition  of  gas  or  coal-dust,  there  is  no 
mitigation  of  the  dangers  arising  from  concussion  (which  have 
been  referred  to).  The  writer  sincerelj^  hopes  that  the  daj^  has 
nearly  arrived  when  we  shall  have  learned  our  lesson  in  this 
respect,  and  when  the  sacrifice  of  human  life  shall  have  been 
sufficient  to  purchase  practical  immunity  from  danger  by  the 
universal  use  of  safetj'-lamps  and  the  total  abolition  of  blasting 
in  all  dry  and  dusty  mines. 


Mr.  W.  X.  Atkinson  (H.M.  Inspector  of  Mines,  Barlaston) 
wrote  that  Mr.  Blakemore  had  no  hesitation  in  attributing  the 
extension  of  the  Fernie  explosion,  and  practically  the  whole  of 
the  damage  done,  to  coal-dust ;  but  he  appeared  to  be  in  doubt  as 
to  whether  such  an  explosion  could  be  initiated  without  fire-damp, 
and  asked,  *'  Is  it  within  the  knowledge  of  any  of  the  members 
that  under  such  conditions  an  explosion  has  been  produced  with- 
out the  presence  of  gas  ?  ''*  It  is  well  known  that  in  this  country 
a  number  of  extensive  explosions  have  been  attributed  by  many 
engineers  to  the  ignition  of  coal-dust  in  the  complete  absence 
of  fire-damp,  and  the  possibility  of  such  explosions  has  been 
proved  experimentally.  It  might  have  been  supposed  that  the 
occiurence  of  extensive  explosions  in  old  collieries,  like  Camerton 
and  Timsbury,  in  Somerset,  where  fire-damp  had  never  been 
found,  either  before  or  after  the  explosions,  would  have  set  the 
question  at  rest;  but  possibly  Mr.  Blakemore  had  not  seen 
jiccounts  of  those  explosions. 

It  is  not  possible,  from  the  brief  account  of  the  indications 
observed  at  Fernie  colliery,  to  form  any  opinion  as  to  the  probable 
point  of  origin  of  the  explosion,  but  a  comparison  of  the  con- 
ditions described  at  the  two  suggested  points  of  origin  leads 
him  (Mr.  Atkinson)  to  the  conclusion  that  the  point,  C,  where 

•  Trans,  Inst,  M.E.^  1902,  vol.  xxiv.,  page  455. 
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the  shot  was  fired,  was  a  more  probable  point  of  origin  than  the 
point,  D,  favoured  by  the  experts,  at  the  face  of  the  MacDouald 
level. 

The  account  of  the  attempted  escape  of  Brearley  and  his  com- 
panions from  No.  1  district  corresponds  closely  with  what  has 
been  observed  in  other  explosions',  and  illustrates  the(  danger 
of  rushing  out  from  a  district  not  aifected  by  an  explosion  into 
roads  traversed  by  it.  If  these  men  had  remained  in  No.  1 
district,  and  had  done  their  best  to  prevent  the  after-damp  from 
invading  it,  it  is  possible  (if  not  probable)  that  they  might  have 
lived  until  the  road  out  was  sufiiciently  ventilated  for  them  to  be 
able  to  escape  by  it. 

The  escape  of  the  men  from  the  east  side  of  No.  8  mine  is,  on 
the  other  hand,  difficult  to  understand  from  the  account  and  the 
plan.  It  would  appear  impossible  for  these  men  to  travel  up 
No.  3  deep  directly  after  the  explosion  if  that  road  had  been 
traversed  by  the  blast,  as  might  be  inferred  by  the  fact  that  hot 
dust  was  found  near  the  entrance.  Possibly  there  are  connec- 
tions, not  shown  on  the  plan,  between  No.  3  deep  and  No.  2  mine, 
which  might  account  for  the  presence  of  hot  dust  near  the  top  of 
No.  3  deep,  without  that  road  having  been  traversed  by  the  blast 
throughout.  Or  it  may  have  been  that  hot  or  burning  dust  ejectwl 
from  No.  2  mine  had  been  drawn  into  No.  3  mine.  Otherwise 
there  must  be  some  iinrecorde<l  circumstances  to  account  for  the 
escape  of  the  men  from  the  east  side  of  No.  3  mine.  The 
evidence  in  support  of  the  statement  **  that  there  must  have  been 
local  explosions,  very  limited  in  extent,  but  terrific  in  force,  and 
that  these  must  have  occurred  immediately  after  the  first 
explosion,'**  is  not  given  in  sufficient  detail  to  carry  conviction 
on  the  point.  The  fact  that,  at  throe  places,  the  bo<lie8  of  men 
were  terribly  mutilated,  while  men  in  intervening  working-places 
had  not  been  subject  to  force,  might  be  capable  of  explanation 
in  another  way  altogether,  if  the  exact  details  of  their  positions 
at  the  time  of  the  explosion  and  the  cfmfi^uration  of  the  localities 
were  fully  known. 

Witli  reference  to  the  theoretical  statement  concerning  *'  the 
behaviour  of  the  coi\l-dust,"  which  it  is  said  "  fully  bears  out  the 
theory  which  has  been  laid  down  for  several  years  as  to  what 
actually  takes  places,"!  it  may  In*  asked  on  what  investigation  of 
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the  chemical  re-actions  occurring  in  a  coal-dust  explosion  such 
theories  are  based. 

Mr.  Donald  M.  D.  Stuart  (Bristol)  wrote  that  the  subject  of 
colliery-explosions  had  been  carried  to  a  more  definite  issue  than 
appeared  in  this  interesting  paper  upon  the  Fernie  mine- 
explosion.  The  inception  of  the  explosion  was  left  in  uncer- 
tainty between  the  opposing  views  of  gas  and  coal-dust,  and  this 
could  scarcely  cause  surprise  when*  the  conditions  of  the  mine 
were  taken  into  account.  Mr.  Blakemore  stated  that  **  the  mine, 
being  practically  free  from  water,  was  dry  and  dusty,  and  a  con- 
siderable amount  of  gas  was  produced  and  could  generally  be 
detected ;  "*  and  also  '"  throughout  the  whole  mine  there  was  a 
considerable  accumulation  of  coal-dust.''t 

In   such    circumstances,    there    was    presumably    reasonable 
ground  for  difference  of  opinion ;  but  explosions  had  occurred  in 
mines  at  home  in  which  the  two  elements  of  gas  and  coal-dust 
did  not  co-exist,  consequently  there  was  no  complication  in  deter- 
mining which  of  the  two  agents  was  responsible  for  their  incep- 
tion.    The  explosions  at  the  Camerton  collieries  in  1893,  and  at 
the  Timsbury  collieries  in  1895,  were  eyidence  to  the  point.     The 
two  collieries  were  free  from  gas,  in  fact  gas  had  never  been  found 
in  the  seams  in  which  the  explosions  occurred,  although  they 
were  worked  in  numerous  other  collieries  in  the  district  and 
were  now  approaching  exhaustion.     The  seams  had  been  worked 
with  naked  lights  during  their  entire  history,  reaching  back  to 
the  early  years  of  the  nineteenth  century,  and  naked  lights  were 
used  in  them  to  this  day.     The  only  explosive  agent  in  the  mines 
was  coal-dust,  and  the  explosions  were  traced  home  to  this  agent. 
The  potentiality  of  bituminous  coal-dust  to  originate  a  mine- 
explosion  was,  therefore,  a  fact  of  experience,  although  the  com- 
plexities in  the  Fernie  mine  disallowed  such  a  definite  conclusion. 
This  fact  in  regard  to  coal-dust,  however,  did  not  warrant  an 
alarmist  feeling,  nor  did  the  experience  in  mines  in  Great  Britain 
support   the    opinion    that   coal-dust   was    *'  a   more    dangerous 
element  in  coal-mines  than  gas.^'J     The  official  records  showed 
that  explosions  originated  by  ignition  of  coal-dust  were  an  almost 
inappreciable  fraction,  compared  with  the  explosions  by  ignition 
of  gas. 
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The  circumstances  in  the  Femie  mine  were  suggestive  as  to 
the  origin  of  the  explosion.  Gas  was  given  off,  safety-lamps 
were  used,  and  matches,  pipes  and  tobacco  were  found  in  the 
pockets  of  some  of  the  men.*  And  with  facts  of  this  nature,  it 
was  not  difficult  to  account  for  the  original  ignition.  Mr.  Blake- 
more  seemed  to  support  the  supposition  that  a  shot  had  been 
fired,  and  that  the  explosion  was  initiated  by  coal-dust,  near  a 
place  where  the  bodies  of  some  of  the  men  were  found  terribly 
mutilated.t  This  mutilation  Mr.  Blakemore  considered  could 
only  be  accounted  for  by  explosive  violence.  The  observations 
made  in  explosions  that  had  been  traced  home  to  shots  igniting 
coal-dust,  were  that  no  violence  was  developed  at  the  point  of 
origin.  The  first  exhibitions  of  violence  in  the  Camerton  and 
Timsbury  collieries  were  distant  408  to  573  feet  from  the  fatal 
shots.  This  condition  was  observed  in  the  explosions  that 
preceded  as  well  as  those  that  have  occurred  subsequently,  and 
had  been  traced  home  to  a  similar  cause.  The  origin  of  the 
explosion  in  the  exhibition  of  violence  at  the  place  where  the 
supposed  shot  was  fired,  was  opposed  by  the  observations  at  the 
point  of  origin  of  explosions  at  home.  Mr.  Blakemore  evidently 
recognized  the  difficulty  and  offered  an  alternative  explanation  of 
the  violent  effects.  He  said  **  either  that  the  original  explosion 
occurred  at  t\  or  that  there  was  a  local  explosion  :  one  or  the  other 
being  necessary  to  account  for  the  position  of  some  of  the  bodies 
and  appliances/'* 

The  alternative  of  a  local  explosion  led  to  what  in  his  (Mr. 
Stuart's)  opinion  was  the  important  point  in  the  paper,  the 
phenomena  of  propagation.  Mr.  Blakemore  said  that  **  the 
evidence  sliowed  that,  with  few  exceptions,  the  men  were  killed  by 
after-damp,  the  exceptions  being  somewhat  peculiar,  and  clearly 
illustrating  the  fact  that  there  must  have  been  local  explosions, 
very  limited  in  extent,  but  terrific  in  force,  and  that  these  must 
have  occurred  immediately  after  the  main  explosion. '*§  The 
observation  of  facts  contained  the  secret  of  propagation,  and  was 
capable  of  ex  plain  inir  all  the  phenomena  of  the  explosion  that  the 
paper  recorded.  A  distinctive  phenomencm  in  the  explosions  at 
the  Camerton  and  Timsbury  collieries  was,  local  explosions  at 
intervals  along  the   i)ath8  of  coal-dust,   limited   in  extent   and 
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terrible  in  force.  These  exhibitions  of  explosive  violence  were 
measured,  with  the  distances  between  them,  at  the  time ;  the 
facts  were  also  recorded  in  the  Transact  ions*  This  theory  of 
local  explosions  did  not  fit  the  idea  of  a  continuous  and  instan- 
taneous blast  through  the  mine,  which  was  in  his  (Mr.  Stuart's) 
opinion  the  standing  obstacle  to  the  provision  of  effective  means 
for  the  prevention  of  propagation  of  explosions  and  wreck  of  the 
workings.  The  idea  utterly  failed  to  explain  the  phenomena 
observed  in  the  paths  of  the  explosion,  and  it  was  matter  for 
surprise  and  regret  that  the  resultants  of  explosive  forces  which 
directly  opposed  the  idea,  were  still  pronounced  **  conflicting  and 
erratic,"  while  they  were  the  handwriting  of  nature's  laws 
revealing  the  causation  of  the  explosion.  He  (Mr.  Stuart)  had 
noted  other  interesting  phenomena  in  the  paper,  but  considered 
that  the  theory  of  local  explosions  was  the  only  key  to  their 
solution;  and  as  propagated  explosions  were  still  occurring, 
causing  calamitous  loss  of  life  and  destruction  of  property,  he 
(Mr.  Stuart)  thought  that  the  Institution  might,  in  accordance 
with  its  inception  and  history,  undertake  an  investigation  of  this 
point,  and,  when  another  explosion  occurred,  depute  two  or  three 
members  to  make  exact  records  of  the  conditions  left  in  the  path 
of  the  explosion ;  and  thus  establish  a  foundation  of  fact  for  the 
understanding  of  propagated  explosions,  and  consequently  for 
their  prevention. 

Dr.  J.  S.  Haldane  (Oxford)  wrote  that  he  had  read  Mr.  Blake- 
more's  paper  with  interest,  but  as  to  the  debatable  points  raised 
in  it,  he  should  not  care  to  add  any  criticisms  without  more  pre- 
cise information  concerning  the  facts  observed.  He  confessed 
that  he  did  not  understand  either  Mr.  Blakemore's  theory  of  the 
propagation  of  dust-explosions,  or  the  exact  grounds  of  his  objec- 
tion to  safety-explosives  and  doubts  as  to  the  efficacy  of  watering 
*nd  trustworthiness  of  safety-lamps  in  presence  of  dust. 

Mr.  J.  B.  Atkinson  (H.M.  Inspector  of  Mines,  ^^ewcastle- 
^pon-Tyne)  wrote  that  Mr.  Blakemore  states  that  the  main  air- 
^Jrossings  and  nearly  all  the  air-stoppings  alongside  the  main  deep 
^nd  the  main  level  were  blown  out,  but  he  does  not  state  in  which 
direction  the  force  had  passed  :  from  the  intake  airway,  and  pre- 
sumably haulage-road  to  the  return  airway  or  vice  versa.     There 
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would  probably  be  no  difficulty  in  determining  this,  a  most 
important  indication. 

With  the  exception  of  a  party  of  22  men,  who  had  left  their 
working-places  and  were  found  with  their  lamps  in  their  hands 
suffocated  by  after-damp,  all  the  other  victims  of  the  explosion 
were  found  dead  in  their  working-places.  Mr.  Blakemore  does 
not  state,  with  reference  to  this  party  of  22  men,  whether  evid- 
ences of  the  explosion  having  reached  their  working-places  were 
observed,  or  if  they  were  burned ;  it  is  probable  that  both  these 
questions  could  be  answered  in  the  negative,  and  if  so  the  reason 
why  the  explosion  had  not  reached  them  should  have  been  dis- 
cussed. Was  there  any  absence  of  coal-dust  to  account  for  it, 
or  was  there  any  other  reason  P 

The  fact  that  the  majority  of  the  victims  of  the  explosion, 
probably  all  who  were  in  the  actual  field  of  flame,  were  found 
dead  at  their  working-places  is  of  great  importance  in  determin- 
ing the  agent  that  led  to  the  extension  of  the  explosion.  It 
appears,  to  him  (Mr.  Atkinson),  impossible  to  suppose  that  the 
atmosphere  of  any  considerable  area  of  workings  could  become 
explosive  owing  to  the  presence  of  fire-damp,  without  the  minefn 
having  observed  gas  firing  in  their  lamps,  and  showing  by  their 
movements  before  the  explosion  evidences  of  alarm.  If  the 
inflammable  agent  is  coal-dust,  the  reverse  is  true;  the  mine  in 
itn  normal  condition  contains  the  elements  of  explosion :  an  air- 
wave, to  raise  the  dust,  and  flame  is  all  that  is  necessary  to 
initiate  a  wide-spreadinp  explosion.  Where,  as  has  several  times 
happened,  the  miners  are  working  with  naked  lights,  at  the  first 
of  which  a  sudden  issue  of  fire-damp  would  ignite,  the  fact  of 
there  being  no  movement  before  the  explosion  is  still  stronger 
evidence  that  fire-damp  could  not  be  the  inflammable  agent. 
This  matter  was  fully  discussed  in  Ejrploaions  in  CoaUmines  by 
Mr.  AV.  X.  Atkinson  and  the  writer,  and  was  referred  to  by  him 
in  his  evidence  before  the  Coal-dust  Commission. 

AVith  regard  to  the  position  in  which  coal-dust  (whether  coked 
or  not)  is  found  upon  props  .standing  perpendicularly  in  a  road 
along  which  the  explosion  has  passed,  the  experience  of  the  writer 
in  a  largo  number  of  cases  is  that  it  is  usually  deposited  or  found 
in  a  direction  oi)posite  U^  that  in  which  the  explosion  has  travelled. 
Tn  many  of  these  instances,  no  doubt  existed  as  to  the  direction  in 
which  the  explosion  had  travelled,  as  wIhmi  it  had  passed   into 
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districts  where  no  person  was  working  at  the  moment  of  the 
explosion. 

Sufficient  data  are  not  given  to  make  it  worth  while  discussing 
the  point  of  origin  of  the  explosion,  but  it  may  be  stated  that  if 
coal-dust  exists  on  the  sides,  roof  imd  timbers,  as  well  as  on  the 
floor,  of  an  intake  airway,  there  can  be  no  reasonable  doubt  that 
asliot  may  in  such  a  situation  initiate  a  wide-spreading  explosion 
in  the  entire  absence  of  fire-damp.  Such  a  result,  however,  is  not 
80  likely  at  the  working-face,  where  the  dust  is  coarse,  and  here 
the  entire  absence  of  fire-damp  can  rarely  be  asserted. 

The  feeder  of  gas  referred  to  by  Mr.  Blakemore,  amounting 
to  10  cubic  feet  per  minute  or  600  feet  per  hour,  could  easily 
accumulate,  if  not  dissipated  by  ventilation,  and  form  an  explosive 
mixture  quite  sufficient  to  initiate  an  extensive  explosion  in  a 
dusty  mine. 

The  references  to  local  explosions  do  not  seem  based  on  any 
satisfactory  evidence ;  it  seems  more  probable  that  there  was  only 
one  explosion,  varying  no  doubt  at  different  points  as  regards  the 
force  developed. 

It  is  stated  that  "  in  nearly  all  the  working-places,  where  the 

coal-dust  was  freest  and  purest,  there  was  considerable  coking 

both   upon   the  timbers   and   the   sides   of  the  working-places, 

whereas  there  was  no  coking  discovered  in  the  hauling-roads  or 

airways.      The  writer   (Mr.  Blakemore)   attributes  this  to   the 

greater  facility  with  which  the  purer  coal-dust  yielded  to  the 

influence  of  the  explosive  current.'**     There  are  probably  errors 

in  this  statement,  because: — (1)  The  freest  and  purest  coal-dust 

exists  on  haulage-roads,  particularly  on  their  upper  surfaces. 

(2)  Greatest  force  is  always  developed  on  haulage-roads,  where 

such    fine   dust   exists.       And    (3)    coal-dust    exposed   to   rapid 

currents  of  air,  on  haulage-roads,  seems  to  absorb  oxygen  from 

the  air  and  loses  its  property  of  coking,  and  this  may  be  the 

reason  why  coked  dust  is  rarely  observed  in  such  situations. 

The  statement  that  wet  areas  had  no  effect  upon  the  spread 
of  the  explosion,  should  be  supplemented,  if  possible,  by  details. 
The  remarks  about  shot-firing  may  be  questioned.  If  all  the 
dangers  attending  shot-firing  in  mines  are  thoroughly  under- 
stood and  guarded  against,  there  seems  to  be  no  reason  why  shots 
should  not  be  fired  with  safety. 
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Mr.  H.  Hall  (I.S.O.,  H.M.  Inspector  of  Mines,  Rainhill) 
wrote  that  Mr.  Blakemore's  account  of  the  efEects  of  the  explosion 
at  the  Fernie  colliery  brought  vividly  back  to  his  mind  several 
of  the  great  British  explosions:  the  phenomena  in  each  case 
being  so  similar  that  one  description  does  for  all.  The  members 
are  not  told,  in  so  many  words,  what  kind  of  explosive  was  in 
use  at  Fernie,  but  reading  between  the  lines*  it  may  be  assumed 
that  it  was  gunpowder,  and  if  this  guess  be  correct,  then  the 
solution  of  the  problem  becomes  at  once  less  difficult.  The 
introdu(»tion  of  safety-lamps,  in  place  of  open  lights,  two  years 
ago,  without  at  the  same  time  rigorously  excluding  such  a 
dangerous  explosive  as  gunpowder,  would  in  his  (Mr.  Hall's) 
opinion  make  an  explosion  of  this  character  more  likely  to 
happen;  because  the  lamps  would  render  accumulations  of  ga-j 
possible,  less  dreaded,  and  hence  also  less  guarded  against.  It  is 
stated  that  **  a  considerable  amount  of  gas  was  producwl  and 
€Ould  generally  be  detected.'^!  Xow,  once  accumulations  of  gas 
come  to  be  disregarded,  and  blasting  with  gunpowder  is  con- 
tinued (there  was  "  constant  blasting ''  in  the  minej),  it  is  not 
surprising  if,  sooner  or  later,  a  flash  from  a  shot  reaches  one  of 
these  a<»cumulations ;  and  such  an  occurrence  in  a  mine  of  the 
character  of  Fernie  (well  ventilated  and  of  a  specially  dry  and 
dusty  nature)  would  almost  inevitably  give  rise  to  a  wide-spread- 
ing and  devastating  explosion. 

The  phenomenon  of  coal-dust  flaming  inside  the  safety-lamp 
is  a  very  familar  one,  but  he  (Mr.  Hall)  was  not  aware  that  this 
had  ever  caused  an  igniticm  outside  the  gauze. 

He  (Mr  Hall)  agreed  with  Mr.  Blakemore  that  it  is  often 
most  difficult  to  arrive  at  anything  deflnite  from  the  signs  of 
passage  of  flame  and  force,  as  they  are  usually  very  contradictory 
in  an  extensive  explosion,  and  more  especially  so  if  coal-dust  is 
the  chief  agent.  In  the  latter  case,  the  explosion  reciuires  some- 
what large  (juantities  of  air  to  maintain  it,  and  its  violence  is 
pn)bal)ly  reiiewe<l  again  and  again  on  meeting  with  fresh  supplies 
of  air  from  the  sc»veral  airways.  Deposits  of  coke  might  be  found* 
he  thouL'ht,  (m  either  side  of  props,  as  the  settlement  seems  to 
take  place  after  the  blast  has  passed  and  when  the  air  is  (juietl^ 
fluttering  to  rest. 
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It  is  interesting  to  note  that  in  the  Fernie  explosion,  as  in 

many  others,  nearly  all  the  victims  were  found  in  or  verv^  near 

their  several  working-places.     Mr.  Blakemore  states  that  **  with 

the  exceptions  noted  hereafter,  all  the  bodies  were  found  in  the 

places  where  the  men  were  known  to  be  at  work,  death  in  every 

instance  having  been  instantaneous."*       Then  again,  '*  all  the 

o*her  men,  who  were  kille<l,  were  found  at  or  near  to  their  work- 

in«r-place8,  and  most  of  them  had  not  moved. "t     Could  Dr.  J.  S. 

^Haldane  (who  rei'ently  reporte<l  that  nearly   all   the  deaths   in 

c^oUiery-explosions  were  due  to  carbon-inonoxide  poisoning)  tell 

'tlie  members  whether  death  from  this  cause  is  consistent  with 

<1)  the  iavt  of  apparent  instantaneous  death,  and  (2)  with  the 

iipparent  absolute  necessity  that  this  gas  wcuild  take  some  time 

to  re^ch  the  men  working:  at  the  far-ends,  away  fi*om  the  site  of 

the  explosion?     During  this  interval  one  would  naturally  expect 

the  men  to  make  an  effort  to  escape.     The  first  instinct  of  men 

in  a  position  of  this  kind  is  to  get  together  as  (piickly  as  possible, 

and  the  bunches  oi  men   found  together  have  no  doubt  been 

poisoned :  but  the  deaths  of  those  found  with  their  picks  in  their 

hands,  as  it  were,  seem  to  demand  some  further  en(|uiiy. 

Mr.  Jamks  AsiivvoRTH  (Derby)  wrote  that  the  originating  cause 
of  the  Fernie  explosion,  as  in  many  other  cases,  had  been  left 
shrouded  in  myst^^ry,  and  Mr.  Blakemore  suggcste<l  three  possible 
causes,  namely: — (1)  The  failure  of  a  bonnettwl  Clanny  safety- 
lamp;  (2)  a  shot  fired  in  one  of  the  working-places,  or  {'^)  gas 
ignited  by  some  undiscovered  cause.  AVhatevei-  may  have  been 
the  original  source  of  flame,  all  the  witnesses,  at  the  encjuiry,  were 
agreed  that  the  extent  of  the  explosion  was  due  U)  the  presence  of 
f^oal-dust.  Coal-dust  is  recognized  by  many  mining-engineers 
as  a  far  more  dangerous  element  of  risk,  in  a  colliei-y,  than  fire- 
damp. It  has  been  obsei-ved  on  the  American  continent  that 
the  greatest  number  of  explosions  have  taken  place  in  bituminous- 
mines,  and  that  anthracite-mines,  which  have  often  from  3  to  4 
per  cent,  of  fire-damp  passing  up  the  upcast  shafts,  are  not  so  liable 
to  explosions.  Mr.  W.  D.  L.  Hardie,  of  Lethbridge,  has  stated 
tLat  all  the  superior  coking-coals  produce  a  dust  which  has  a 
more  or  less  **  greasy  '*  feel,  indicating  that  some  of  the  heavy 
hydrocarbons  of  the  paraffin  series  are  present  in  the  volatile 
matter;  and  that  if  such  coal-seams  give  off  fire-damp,  it  is  verj- 

*  Traw*.  Iwtt,  M,E,,  1902.  vol.  xxiv.,  page  451.  t  Fhid.y  page  462. 
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likely  to  be  *'  sharp,"  indicating  that  hydrogen,  as  well  as  heavy 
hydrocarbon  gases  is  a  possible  constituent  of  the  fire-damp.. 
Under  these  conditions,  which,  from  Mr.  Hardie's  personal  obser- 
vation, hold  good  at  Fernie,  the  inflammable  point  of  the  explosive- 
gas  given  ofl'  is  very  much  lower  than  that  of  ordinary  fire-damp : 
and  it  can  therefore  be  readily  imagined  how  easily  the  dust  may 
be  mised  to  an  incandescent  heat,  and  the  hydrocarbons  distilled 
in  <|uantities  large  enough  to  cause  an  explosion  of  any  magnitude. 
Mr.  Hlakeniore,  Mr.  Ilardie  and  others  are  in  accord  with  him 
(Mr.  Ashworth),  in  concluding  that  coal-dust  in  the  meshes  of  a 
safety-lamp  may  become  incandescent  almost  instantly,  and  thus 
pass  the  flame  to  the  mixture  outside  the  lamp.*  The  safety-lamp, 
in  use  at  Fernie,  was  of  the  bonnetted  (Manny  type,  probably  of 
the  same  pattern  and  make  as  that  used  in  the  fiery  mines  of  this 
country,  and  although  the  cause  of  the  ignition  of  fire-damp  and 
dust  was  undet4»rmined,  yet  we  find  that  Mr.  lUakemore  formed 
a  strong  opinion  that  the  initial  (*ause  was  the  failure  of  a  sound 
lamp  t^)  prevent  the  flame,  of  igniti^l  coal-dust  and  fire-damp 
within  the  lamp,  from  passing  throu^^h  the  gauze,  and  thereby 
expl(Nling  the  surrounding  atmosphere.  The  jury  also  endorsed 
this  (jpinioii  by  their  verdict,  namely,  *'  that  the  safest  explosives 
and  most  approved  safety-la mj)s  he  used  :  and  that  a  more 
thonmgh  inspection  be  adopted  at  thest*  mines,  throughout  the  old 
workings  and  rooms  contiguous  to  the  air-channel  that  are  not 
being  worked."  The  jury  also  found  that  the  initial  cause  was 
au^nncnted  and  intensified  by  coal-dust.  It  would  appear  that  the 
directors  of  the  company  also  agn^Ml  with  this  view  of  the  cause, 
because  they  took  out  all  the  bonnetted  Clanny  lamps  and  replaced 
them  with  AVolf  lamps  burning  benzolene  as  the  illuminant.  As  to 
whether  the  mine  is  more  safely  lightetl  now  than  it  was  before  the 
changeof  lamps,  is  a  subject  which  might  very  properly  l>edebate<l, 
on  the  basis  of  the  accidents  which  have  occurred  in  this  countr>-.t 
The  serious  point  to  be  considered  by  engineers  is,  that  there  are 
probably  hundreds  of  thousands  of  the  same  type  of  safety-lamp 
in  daily  use*  in  the  most  dangerous  and  fiery  mines  of  this  (»ountry. 
Many  authenticated  cases  of  the  failure  of  Inmnetted  (Manny  lamps, 
when  usimI  under  ordinary  ccuidit  ions,  are  known  :  and  we  may.  with 

•  "  I  111  pro  V  CM  1  Safety-laiii|)H  of  tlu*  Davy  Hii<i  MuohoUt  TjiK'a,*'  hy  Mr. 
.laiiM-s  A»h worth.  Tntu't.  X.h\  In-f.,  IHHO,  vol.  xxix.,  |>aj^e  I4.'>. 

i  'I  Failures  of  Safrty-lanipM  wIiiIhI  in  Une,  and  Hoiiie  of  the  DiMuitvrs  CAoat-d 
thi'H'ljy."  by  Mr.  Jaines  Anhworth,  Tnin^nrtiuus  of'  fht  Maurhixtrr  U\'<iloaieai 
SiM'Uti/.  1900.  vol.  XX vi.,  |w>(t' .'>19. 
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advantage,  closely  and  dispassionately  take  the  lessons  into  more 
serious  consideration  than  they  have  heretofore  received.  Some  of 
the  best-known  failures  of  bonnette<l  Clanny  lamps  in  this  country 
occurred  at  Allerton  Main  in  1894,  Shakerley  in  1895,  Universal 
colliery  in  1901,  and  Abertysswg  (Tredegar)  in  1902.  In  all  these 
03868,  the  only  source  of  flame  was  a  safety-lamp  of  the  bonnetted 
Clanny  type,  and  the  lamps  were  all  exposed  to  mixtures  of  coal- 
dust,  fire-damp  and  air,  but  in  no  case  were  the  lamps  on  examina- 
tion and  experimental  testing  found  to  be  deficient.  None  of 
the  lamps  were,  however,  submitted  to  experiments  in  which  coal- 
dust  formed  a  factor.  The  importance  of  submitting  safety-lamps 
to  tests  in  which  coal-dust  is  a  factor  will  be  more  readily  realizeil 
when  it  is  remembered  that  the  particles  of  coal-dust  floating  in 
the  air-current  are  so  small  that  they  will  easily  pass  through  a 
standard  mesh,  and  if  brought  into  a  state  of  incandescence 
within  the  lamp  will  pass  outward  in  a  stream  of  fire.  The 
ignition-point  of  such  fine  coal-dust  is  lower  than  that  of  fire- 
damp, and  therefore  mixtures  of  fire-damp  and  coal-dust  become 
more  dangerous  than  fire-damp  b^^  itself.* 

Other  influences  which  may  have  afPected  the  initiation  and 
extent  of  this  explosion  were  :  — (1)  It  occurred  whilst  the  second 
shift  of  coal-getters,  which  commenced  at  3  o^clock,  was  at  work ; 
(2)  the  district  in  which  the  explosion  occurred  was  described  as 
the  dirtiest  and  dustiest  of  any  of  the  mines  at  Femie ;  (3)  the 
bwrometer  would  probably  stand  at  from  25  to  2G  inches  only  (due 
to  the  height  of  the  mine  above  sea-level);  (4)  blasting  with 
powder  was  allowed;  (5)  local  explosions  of  coal-dust  had  often 
heen  caused  by  shots;  (6)  electricity  was  extensively  used  for 
hauling  and  pumping,  and  live  and  bare  wires  were  carried  along 
the  haulage-plane  at  250  volts  ;  (7)  the  electric  locomotives,  which 
hauled  the  trams  out  of  the  mine,  ran  for  some  considerable  dis- 
tance in  the  return-air,  and  electric  Tripley  pumps  were  also 
placed  in  the  return-air ;  and  (8)  the  roads  were  watered,  and  in 
"ome  places  naturally  wet. 

It  would  be  recognized,  therefore,  that,  in  addition  to  the 
possible  failure  of  a  bonnetted  Clanny  lamp,  electricity  was  a 
danjiferous  source  of  i^iition,  if,  as  from  the  suggested  neglect  in 
shutting  a  door,  the  air  became  charged  with  fire-damp  and  then 
^^me  into  contact  with  the  sparks  from  a  motor,  or  sparks  between 

*  "  Improved  S  ifety-lamps  of  the  Daw  and  Mueseler  Types,"  by  Mr. 
Jwnes  Ashworth,  Trans.  N.E.  frt^f.,  1880,  vol.'xxix.,  page  145. 
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the  connei^ting  arm  of  the  locomotive  and  the  live  wire  phu^ecl 
oh)8e  to  the  roof  of  the  haulage-road,  or  if  a  slioii;  circuit  were 
possibly  formed  by  a  dense  cloud  of  dust  constituting  a  bridge 
between  a  bare  wire  and  the  rails,  iloor  or  roof. 

Tlie  writer  would  like  to  hear  from  Mr.  lUakemore  what  sort 
of  stoppings  were  placed  between  the  old  gob  and  the  working- 
faces,  and  on  either  side  of  the  main  haulage-road,  all  of  which 
are  state<l  to  have  been  blown  out.  Krom  the  description,  it  wouhl 
appeal-  possible  for  a  large  fall  of  roof  in  the  goaf  or  back  working^) 
to  have  fcirced  out  jras  at  a  high  velocity  into  the  ventilating 
current,  and  thus  have  been  a  main  cause  of  the  explosion,  no 
matter  how  the  gas  became  ignited. 

One  very  interesting  feature,  of  which  he  (Mr.  Ashwoi-th)  had 
observed  strong  evidence  in  ver>'  many  explosions  in  this  (^ountn', 
was  the  instantaneous  eft'ect  of  an  explosion  on  all  parts  of  the 
mine,  often  setting  up  so  sudden  a  percussion  of  the  atmosphere 
that  effects  had  been  prmluceil  similar  to  those  whicdi  Mr.  Blake- 
more  descril>ed  as  univei-sal  ignition,  concussion  and  local  ex- 
plosions. At  Fernie  mine,  the  evidence  of  Burrows,  who  escaped 
fn>m  the  No.  ']  mine,  is  confirmatory :  he  heard  no  noise,  all  the 
cMindles  went  out,  he  felt  a  pressure  as  if  his  head  would 
bui-st,  and  afterwards  within  oO  or  Hi)  feet  of  the  entrance  of  the 
mine  he  put  out  his  hand  to  save  himself  from  falling,  and  foun<l 
that  the  dust  was  so  hot  that  he  thought  his  hand  was  l)urut.*  The 
point  where  this  dust  wau  so  hot  was  »i,(M)()  Un^i  from  the  supposeil 
point  nf  oiigin,  and  where  there  was  a  considerable  (|uantity  of 
water.  This  is  another  proof  that  wet  roads  will  not  isolate  an 
explosi(m  in  one  district  of  a  mine  from  coniniuni(*ating  the  effwt'i 
to  another  district,  without  the  Hame  of  the  oriirinating  ex- 
plosion actually  passing  over  tin*  intervening  si)acc.  The  instan- 
taneous nature  of  the  explosion  is  also  evidence<l  by  the  fact  that 
the  men  were  killed  without  inoviuL'  from  their  workinjr-plaei^, 
by  concussion  of  the  brain,  and  l>urne<l  l)y  the  sudden  percussion 
*>f  the  air.  The  earliest  recognition  of  the  effect  of  iK»rcussiou  on 
parts  of  a  collitMy  remote  from  the  place  of  origin,  will  1h*  found  in 
Mr.  Joseph  Hickinson's  report  <m  the  l-dston  explosion,  and  thi« 
etiec^t  was  als<>  in  very  tlistinct  evidence  in  the  explosions  at 
Llanerch,   Tylorstown,  .Mbion  and  I'niversal  collieries. 

Depositions  of  coal-«lust  <»n  props  and  other  surfaci*s,  as  an  in- 
dication of  the  diivcti<m  in  which  the  flame  of  an  explosion  first 

•    TfftUA.  hint.  M.K.,  MKW.  vol.  xxiv.,  page  4£*J. 
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pawed  along  a  roadway,  is  also  a  very  intei-estiug  subject;   and 
although  veiy  (contrary  indications  are  often  discovered,  it  appears 
probable  from  Mr.  W.  N.  Atkinson's  report  on  the  Talk-o'-th*-Hill 
explosion,  1901,  that  the  face  of  a  prop  on  which  a  pyramidal  streak 
of  (lust  is  found  may  be  assumed  to  be  the  side  which  fa(*ed  the 
blast,  and  that  th<»  more  diffused  deposit  on  the  opposite  side  is 
outbye  from  the  point  of  origin :    but  (diarred  dust  is  nearly 
always  found  on  the  side  of  the  prop  that  was  not  facing  the  blast. 
Mr.  Hlakemore  supports  his  (Mr.  Ashworth's)  old  contention 
that  watering  is  at  the  best  only  a  sanitary  precaution   in  a 
tiery  and  dusty  mine,  and  that  it  cannot  and  never  has  limited  an 
explosion  to  one  district,  because  it  has  no  power  to  deduce  the 
percussive  effect  of  an  explosion.     He  (Mr.  Ashworth)  also  believes 
that  the  immunity  of  the  No.  2  mine  at  Femie,  from  previous  dis- 
aster through  sihot-firing,  has  been  due  to  the  very  cold  and  dry 
xiature  of  the  air-current,  which,  at  the  high  altitude  of  '^,000  feet 
above  sea-level,  is  its  natural  condition.     The  futility  of  depend- 
ing on  wat^r  as  a  safeguard  is  easily  realized,  by  noting  that  5  per 
cent,  of  water-vapour  is  required  to  be  present  to  obtain  the 
iiiaximum  effect  from  an  explosion,  and  yet  it  is  not  possible 
to  put  more  than  about  *\i  per  cent,   into   any  mine-c^urrent. 
Watering,   therefore,    adds   to   the   explosive   effect,    instead   of 
decreasing  it.     This  fact  was  distinctly  demonstrated  in  the  case 
of  the  explosion  at  the  Universal  colliery,  where  the  air-current 
from  the  York  district  was  practically  saturated  with  moisture, 
and  yet  the  whole  of  the  latter  district  was  traversed  by  ffame. 

Mr.  H.  AV.  G.  Halbaum  (Gateshead)  wrote  that  he  had  read 
Mr.  Blakemore's  paper  with  great  interest,  and  had  no  hesitation 
in  stating  that  the  Fernie  explosion  was  a  typical  example  of 
what  was  usually  called  a  "  coal-dust  explosion."  He  was  also  of 
opinion  that  it  was  brought  about  without  the  initial  assistance  of 
*'  gas  "  in  the  mine-atmosphere,  at  any  period  immediately  though 
appre<iiably  previous  to  the  catastrophe.  He  thought  that  the 
theory  of  such  explosions  would  have  a  wider  and  more  beneficent 
practical  result  if  the  theory  were  more  easily  appreciated,  and 
r^idered  capable  of  more  rapid  propagation.  And  he  believed  that 
one  important  step  in  that  direction  would  be  made  if  the  nomen- 
elatare  of  the  theoiy  were  overhauled  and  revised  to  some  extent. 
They  continually  apoke  of  a  "coal-dust  explosion."  Many  of 
tkem  knew  exactly  what  was  meant  by  that  term ;  they  knew  that 
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it  stood  for  a  certain  series  of  phenomena,  and  they  also  knew  that 
the  term  entirely  failed  to  describe  such  phenomena — they  knew, 
in  fact,  that  it  was  a  misnomer.  They  also  spoke  of  such  an 
explosion  occurring  in  the  absence  of  gas.  An  experienced  miner 
might  interpret  that  expression  in  the  light  of  his  mining  idiom, 
and  possibly  unearth  the  true  idea  underlying  the  phrase:  but  a 
person  ignorant  of  mining  idiom,  however  highly  educated  other- 
wise, could  hardly  be  expected  to  extract  any  grain  of  truth  from 
so  entirely  false  a  representation  of  the  real  phenomena.  As  a 
matter  of  common  knowledge,  they  had  the  typical  explosion  <if 
gas,  and  they  had  the  typical  explosion  of  coal-dust ;  but,  sti-ange 
to  say,  it  was  a  matter  of  scientific  fact  that  the  typical  coal-dust 
explosion  was,  in  general,  a  greater  explosion  of  gas  than  the 
typical  gas-explosion.  Similar  anomalies  often  appeared  in  the 
nomenclature  of  comparatively  new  theories.  The  earlier  investi- 
gators named  the  phenomena  which  they  imagined  to  occur;  the 
later  enquirers  retained  the  names  for  the  phenomena  actually 
found  taking  place,  with  the  result  that  a  greater  or  lesser  crop  of 
misnomers  sui-vived  in  the  final  nomenclature  of  the  theme.  In 
some  cases,  the  retention  of  those  misnomers  did  no  great  harm ; 
in  other  cases,  they  became  appreciable  obstacles  to  progress,  and 
he  (Mr.  Halbaum)  thought  that  the  misnomers  in  the  nomen- 
clature of  the  coal-dust  theory  distinctly  belonged  to  the  latter 
class  of  cases  :  wherefore,  in  his  opinion,  it  was  essential  to  replaie 
ihem  by  names  that  more  truly  described  the  entities  whi(»h  they 
vere  supposed  to  represent. 

He  thought  that  there  would  be  little  or  no  dii^ercnce  of  opinion 
fts  to  which  class  of  explosions  the  Femie  explosion  belonged,  and 
he  would  therefore  confine  himself  to  the  discussion  of  some  of 
Mr.  Blakeniore's  conclusions  and  suggestions.  Mr.  Hhikemore 
cast  doubt  upon  the  efficacy  of  watering  as  a  preventive  of  coal-dust 
explosions.  The  Femie  explosion,  however,  could  scarcely  l>e 
said  to  justify  that  doubt,  for  Mr.  Blakemore  stated  that  the  water- 
ing adopttnl  in  the  Fernie  mine  could  not  be  claimed  as  thorough 
or  satisfa<tory  in  any  sense.  A  chain  was  no  stronger  than  its 
weakest  link,  and  evidently  that  link  at  the  Fernie  mine  was  veiy 
weak  indeed.  The  explosion  was  evidently  initiated  by  the  gun- 
powder shot  fired  in  the  cross-cut  near  the  face  of  No.  1  machine- 
room.  If  it  could  be  shown  that  the  watering  in  the  vicinity  of 
that  shot  had  been  thonmghly  and  systematically  done,  Mr.  IMake- 
more*s  position  would  have  receive<l  some  support,  but  all  the  evid- 
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*ence  seemed  to  poiut  the  other  way.     The  fact  that  the  explosion, 
•once  started,  passed  over  considerable  wet  areas  in  other  parts  of 
the  mine,  proved  nothing  more  than  what  might  easily  have  been 
foreseen.     The  inflammable  constituents  of  the  coal-dust,  the  heat 
generated  by  previous  explosions,  the  accessibility  of  fresh  oxygen, 
etc.,  on  the  one  hand,  and  the  extinguishing  power  of  the  wet  areas 
on  the  other  hand,  were,  after  all,  merely  the  components  of  the 
resultant  force  which  enabled  the  blast  to  travei-se  those  areiis 
without  extinction.     The  stronger  force  wouhl,  of  course,  be  more 
nearly  reproduced  in  the  resultant  than  would  the  weaker.  Accord- 
ing to  Mr.  Blakemore's  account,  the  coal-dust  was  in  extraordinary 
abundance:   the  ventilation  also  appeared  to  have  been  ample; 
the  combustion  must  therefore  Inive  been  maintained  with  extra- 
ordinary severity,  and  it  was  little  wonder  that  such  a  force  should 
successfully  pass  right  through  watered  areas  that  might  easily 
have  interrupted  and  quenched  a  less  violent  blast.     At  the  Femie 
mine,  the  peat  mistake  lay  in  not  thoroughly  watoring  the  ground 
in  the  immediate  vicinity  of  the  shot.     At  that  initial  stage,  the 
•destructive    power    might    have    l>een    conciuered    and    rendered 
innocuous  in  its  infancy  by  simple  means,  which,  however,  would 
be  totally  inadequate  to  cope  with  the  accumulated  energy  of  the 
destructive  power  at  the  later  stages  of  it.s  passage  through  the 
mine.     In  his  opinion,  it  would  be  soon  enough  to  condemn  the 
system  of  watering  after  they  had  given  it  a  fair  trial.     At  the 
Femie  mine,  it  had  not  received  a  fair  trial,  and  the  system  adopted 
was,  according  to  Mr.  IMakemoie's  account,  neither  thorough  nor 
satisfactory. 

Mr.  Blakemore's  second  suggestion,  with  respect  to  the  action 
•of  coal-dust  upcm  a  safety-lamp,  might  be  met  by  the  reply  that  in 
the  event  of  any  explosion  within  a  safety-lamp,  the  force  of  the 
explosion  would  be  limited  by  the  quantity  of  oxygen  within  the 
lamp  as  well  as  by  the  quantity  of  explosive  substance  therein,  and 
it  would  also  be  limited  by  the  degree  of  combustion  attained.  In 
the  case  of  coal-dust  exploding  within  a  lamp,  his  (^Ir.  Halbaum's) 
opinion  was  that  the  combustion  would  be  less  comph*te,  and  the 
explosive  force  therefore  less  powerful,  than  if  a  pure  and  perfect 
gas  had  been  explo<led ;  and,  therefore,  in  his  opinion,  the  margin 
•of  safety  obtained  by  any  lamp  in  the  presence  of  coal-dust  was,  if 
anything,  greater  than  the  margin  of  safety  obtained  by  the  same 
'lamp  in  the  presence  of  gas.  The  principles  which  governed  (and 
generally  also  prevented)  the  passing  of  flame  from  the  interior  of 
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the  lamp  to  the  external  atmosphere  were,  of  course,  the  same  ia- 
both  cases.  He  was,  therefore,  inclined  to  think  that  the  Fernie- 
explosion  raised  no  special  question  with  regard  to  safety-lamps, 
such  as  Mr.  Blakemore  had  suggested. 

He  was  also  afraid  that  he  could  not  agree  with  Mr.  Blakemore'* 
third  conclusion,  to  the  eifect  that  blasting  should  be  abolished  in 
diy  and  dusty  mines,  apart  altogether  from  the  question  of  gas. 
His  idea  of  the  necessities  of  the  case,  however,  practically  came 
to  the  same  thing  as  Mr.  Blakemore's  idea.  His  (Mr.  Halbaunrs) 
idea  was  that,  not  the  blasting,  but  the  dry  and  dusty  mine  should 
be  abolished.  Let  the  dust  be  removed,  and  let  the  <hyness  be 
destroyed  by  proper  watering  in  the  vicinity  of  all  sliots.  If  this 
wei'e  done  in  any  mine,  they  could  continue  blasting,  but  the 
blasting  would  never  take  place  in  a  dry  and  dusty  locality.  In 
many  mines  it  would  pay  them  inlinitelj'  better  to  destroy  the  dry- 
ness and  the  dustiness  of  the  blasting-sites  rather  than  to  abolish 
the  blasting  itself.  He  fully  believed  that  blasting  could  l>e  safe- 
guanled  with  success.  In  addition  to  the  means  that  ho  had 
mentioned,  a  competent  person  should  be  appointed  as  shot-iirer 
and  blasting  superintendent.  That  competent  pei-son  should  not 
be  merely  any  person  who  could  detect  gas  ;  he  should  undei^tand 
blasting  openitions :  he  slnmld  be  em]>owered  to  condemn  any 
drill-hole  not  to  his  liking:  and  he  should  also  determine  the 
amount  of  tin*  charge.  Any  person  unable  successfully  t(»  under- 
take such  duties  was  unfit  to  be  a  shot-Hrer,  and  an\'  manager 
appcunting  such  persons  as  shot-firers  incurred  sericms  re^iM^nsi- 
bility.  With  the  appointment  of  competent  shot-firei-s,  the 
removal  of  coal-dust,  and  the  thorough  watering  of  the  ground  in 
the  vicinity  of  the  shots,  he  was  strongly  of  opinion  that  blasting 
in  all  mines  mi^ht  be  nmde  as  safe  as  blastin;r  in  o|)en-air 
(luarries.  He  irrantetl  that  a  coal-dust  explosion,  once  initiated, 
and  gathering  strength  itt  rouU\  was  a  very  difficult  matter  t-o 
stop  :  but  he  submitted  that  the  prevention  of  tlit*  initial  explosion 
was  a  very  eiwy  matter — at  all  events,  he  had  yet  to  hear  of  the 
explosion  that  had  occurred  where  all  of  the  juvcautions  which 
he  had  mentioned  wert*  faithfully  observed. 

He  agreed  with  Mr.  Blakemore  in  thinking  that  the  effect*  of 
violent  concussion  in  agitating  particles  of  coal-dust  might  l>e  very 
serious  indeed,  although  Mr.  Blakemore  and  himself  viewed  the 
matter  fnmi  somewhat  different  standpoints.  He  (Mr.  Halbaum) 
did  not  think  that  those  aerial  concussions  which  Mr.  Blakemore 
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had  in  view  could,  taken  alone,  have  any  appreciable  influence  in 
heatinjf  the  dust  to  any  dangerous  degi-ee.     The  real  danger  of  a 
cloud  of  dust,  as  opposed  to  a  mere  heap  of  dust,  lay  in  the  inmiense 
area  of  exudation  thereby  offered  to  the  gases  occluded  in  the  dust. 
A  simple  calculation  would  show  that  5  cwts.  of  coal,  pulverized  to 
cubes  having  an  edge  of  001  inch,  and  suspended  as  a  cloud  in 
the  air,  exposed  an  area  of  exudation  equal  to  a  longwall-face  l\ 
feet  high  and  -)  miles  in  length.     AVhen  they  remembered  that  the 
same  weight  of  anthracite-coal,  raised  to  the  temperature  of  boil- 
ing water  only,  would  expel  r)0  cubic  feet  of  its  occluded  gases,  the 
possibilities  of  the  case  at  once  assumed  alarming  proportions. 
Let  them  imagine  a  blown-out  shot  to  raise  that  quantity  of  dust 
as  a  cloud  in  the  atmosphere — a  very  possible  case  where,  as  in  the 
Fernie  mine,  the  coal-dust  was  only  removed  when  it  became  an 
impediment  to  haulage.     In  such  a  case,  they  had  at  once  an 
immense  area  of  exudation,  a  temperature  more  than  sufficient  to 
produce  a  sudden  evaporation  of  the  occluded  gases,  and  possibly  a 
temperature  or  a  residue  of  heat,  sufficient  to  ignite  the  gases  thus 
suddenly  liberated.     Whether  the  last-named  effect  was  produced 
Would  depend  on  the  quantity  of  the  charge  blown  out,  and  upon 
the  amount  of  work  done  by  tbe  charge  before  being  blown  out. 
For  these  phenomena,  like  all  other  physical  phenomena,  were 
amenable  to  the  principle  of  work  :  and  that  being  so,  they  would 
see  the  necessity  of  having  competent  shot-firers,  men  of  practical 
experience  and  ability,  able  to  so  order  the  placing  of  shot-holes 
and  charges  as  to  ensure,  so  far  as  human  skill  could  ensure  any- 
thing, that  the  energy  of  the  charge  should  be  expended  in  the 
»hot-hole  and  not  outside  of  it.     But  even  in  the  contingency  of  a 
ahot  being  blown  out,  the  removal  of  the  (»oal-dust  from  the 
vicinity,  and  the  thorough  watering  of  the  grf)uiid  in  the  vicinity 
of  the  shot,   should   save  the  situation.     The  distant  coal-dust 
might  be  agitate<l  by  the  aerial  concussion,  but  the  matter  would 
end  theire — the  heatinp  effects,  so  far  as  the  dust  was  concerned, 
would,  in  all  probability,  be  practically,  if  not  absolutely,  nil. 

The  Chairman  (Mr.  J.  S.  Dixon)  moved  a  vote  of  thanks  to 
3Ir.  Blakemore  for  his  interesting  paper. 

Mr.  P.  KiRKUP  seconded  the  resolution,  which  was  cordially 
approved. 

Mr.  P.  KiRKUP  read  the  following  paper  on  an  "  Improved 
Railway-rail  Fastener  " :  — 
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IMPKOVKl)  RAILAVAY-BAIL  FASTKNER. 


By  PHILIP  KIRKUP. 


The  very  larf^e  and  increasing  rail  way -traffic  of  the  present 
day  makes  the  subject  of  any  improvement  in  the  method  of 
securing  the  rails  to  the  chairs  and  sleepers  of  the  permanent  way 
of  the  utmost  importance  to  all  concerned.  From  both  an 
economic  and  humane  standpoint,  an  appliance  giving  greater 
security  and  safety  should  be  gratefully  i-eceived  by  the  oni-ners 
of  rolling-stock  and  the  travelling-public  generally. 

It  will  be  generally  known  that  the  ordinary  double-headed 
rail  and  also  the  bull-head  rail,  which  are  now  more  generally 
used  by  the  various  railway-companies  in  this  country,  are  each 
secured  to  the  chairs  by  means  of  an  oaken  key  driven  longitudin- 
ally between  the  rail  and  the  outer  jaw  of  the  chair.  This 
method  of  fastening  these  sections  of  rail  is  almost  universally 
adopted,  and  it  will  be  admitte<l  by  engino<»rs  and  inspectors  that 
its  most  serious  drawback  is  the  liability  of  the  key  to  become 
loose  and  to  slip  out,  owing  to  the  constant  vibraticm  caused  by 
the  passing  of  trains  over  it.  Large  niimbers  of  men  are  con- 
tinually employed  on  public  railways  in  examining  the  per- 
manent way  and  re-adjusting  such  keys  as  have  iHM'ome  displaced 
during  the  interval  between  each  inspection.  Another  serious 
source  of  danger  and  anxiety  is  the  shaking  loose  of  the  keys  and 
fastenings  at  points  and  <*rossings  when*  greater  lateral  strains 
arise  and  liability  to  derailment  is  imminent.  The  danirer  id 
more  to  be  feared  in  siimmer,  <»wing  to  the  pining  of  the  wtwden 
keys,  and  <(»nse<|uently  greater  vigilaure  has  to  be  (d>serve<i  in 
keeping  thenj  in  positi<ni  so  as  t(»  scciire  the  maximum  of  safety. 

The  cost  of  maintenance  of  the  fastenings  on  private  railways 
through  workmen  and  others  pi<*king  up  the  displact^l  keys  and 
taking  thiMn  home  for  firewood  is  an  item  of  some  moment 
From  actual  exjxMit^nce.  the  writer  can  state  that  renewals  from 
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this  caune  are  frequnnt  anrl  etx pensive,  more  espeelflllv  where 
tie  mlliery -owner  has  ti  long  Ic'ngth  of  railwjiy  to  maintain 
"etween  the  pit  si  and  the  siiippini^-Hts^itheH, 


After  a  fonsicleniblp  nnniber  of  experiments,  the  writer  has 
"^«a  enabled  to  arrive  at  a  prurtiral  solution  of  the  diftieulties 
**lmnerated  above,  and  has  now  pleasure  in  hringinff  forwnrj  for 
*^<-nisideration  an  entirely  new  method  of  fastening  the  rails  to 
'-We  rhairs.  This  consists  of  the  substitution  of  a  cast-irnn  or 
^t©el  weiige  aud  a  small  hard  wooden  rHishion,  for  the  ordinary 
'^f^v.  The  wedge  hns  a  double  flnnge  on  eueh  %*ertieal  edge,  so 
^o-at  when  driven  downward  between  the  fiuter  jaw  of  the  chaii' 
^iid  the  wooden  fushion,  the  rail  is  held  seeure.  The  cushion 
la  made  of  oak,  and  of  ii  sixe  suifieient  only  to  be  embraeed  by  the 
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mner  flanges  of  the  iron  wedge,  and  thus  it  is  retained  in  position 
to  act  as  a  buiTer  and  to  meet  the  unecinal  expansion  and  con- 
traction between  the  steel  rail  and  the  r*jrst-iron  chair.  The 
<iater  flanges  of  the  wedge  also  embraee  the  jaw  of  the  chair. 

The  arrangement  can  be  applies!  to  existing  chairs,  and  has 
the  further  reconimendatioa  of  being  inexpensive  in  primary 
po«t  and  maintenance.  The  weilges,  vrhen  driven  down  with  a 
light  hammer,  completely  secure  the  rails  to  the  chairs,  and, 
being  fixetl  vertically,  cannot  shake  out  of  position  eo  as  to  render 
the  mils  at  any  time  insecure  and  unsafe. 

The  writer  may  mention  that  the  engineers  of  the  North- 
^etem  Railway  Tompany  have,  during  the  last  few  months, 
severely  tested  the  new  fastener  on  lines  near  the  raUway-stations 
at  Newcastle  and  York ;    more  reeentl.y  a  section  oi  the  Team 


Valley  main  lin<^  has  bmni  laid  with  it,  aod  so  tar  they  ^xpt 
themselves  as  heiiijz'  tlioraiijifhly  satisfied  vviHi  tlir  ufility  nl  tl 
invention. 


Fjii.  'J*  -TnK  IvintovKi*  luus  Wkihjs  ArruKu  to  Citt«K^i5i;!). 

Fii^.  1  anfl  2  ilhistrate  the  appltcatton  of  the  imii  wed|fp  ai 
wooden  fushion. 


Mr.  A.  L.  8TK\VKBrM>y  (T>iirhafii)  remarked  tlmt  «ev«f»i 
meihods  had  been  tried  for  impir>vim?  raiiway-fdiaiii*  antf 
fasteners,  and  a  stireettuful  method  had  been  iveeiitly  ail  opted  iti  < 
Cleveland  :  the  invention  i^f  Mr,  W.  Walker,  whn  Iistd  a<hipti*fl  to 
the  railway-ehair  the  priariple  of  the  safety  ovt*r-wiudin|i:  hfw>k. 
Wood  WBft  apt  to  pine  and  fall  out.  and  it  niiKht  be  pulled  mit  hy 
any  persons  misrhieTfiusly  inelini»d»  but  with  Mr  Wnlkuri 
clutch  no  wood  was  requirwi,  the  mil  had  a  lonjirer  life,  beraus^  it 
WU8  held  in  such  a  position  that  it  met  the  pressure  of  the  whaid, 
and  instead  of  the  rail  wearinf?  down  on  one  side  it  wore  in  tht* 
eentre*  It  was  no  heavier  than  an  ordinary  chair,  and  any  vilirii- 
tion  only  tended  tu  liohl  the  rait  faster,  and  ehocks  con  hi  iioh- 
b^  removed  hy  fenioviiiir  the  rail. 
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Mr.  Charles  A.  Harrison  (Xorth-Kasteni  Railway,  Xew- 
castle-upon-Tyne)  wrote  that  he  (considered  Mr.  Kirkup's  rail- 
fastener  was  a  very  good  one,  but  he  could  not  ajrree  with  his  con- 
<*!u8ion  that  it  would  save  any  labour,  because  whatever  rail- 
fastener  or  key  was  adopted  the  men  would  still  have  to  inspect 
their  lengths  of  railway  twice  a  day,  and  other  considerations 
would  forbid  the  increase  in  the  lenj^th  of  line  of  which  each  gang 
of  three  men  are  supposed  to  be  in  charge. 

Mr.  KiRKUP  pointed  out  that  his  paper  merely  described  a 
fiurtetter  adapted  to  the  existing  railway-chair,  and  was  not  a 
nem  form  of  chair,  as  in  the  case  of  the  Walker  clutch.  As 
ngards  the  adoption  of  steel  throughout,  in  preference  to  cast- 
iron  and  wood,  it  was  «'onsidere<l  that  greater  security  was 
obtained  by  using  a  soft  material  like  wckhI  which  would  allow  of 
greater  freedom  of  expansion  between  the  steel  rail  and  the  cast- 
irtm  chair. 

Mr.  J.  K.  Guthrie  (Preston)  asked  whether  vibration  caused 
the  iron  wedge  to  creep  upward. 

Mr.  KiRKUP  said  that,  in  practice,  the  surface  of  an  ordinary 
casting  was  sufficiently  rough  to  grip  the  timber,  even  without 
the  tooth,  which,  however,  was  provided.  After  a  practical  test 
of  the  cast-iron  wedge  at  the  Ontral  Railway  Station,  Newcastle- 
upon-Tyne,  where  many  hundreds  of  trains  were  passing  over  the 
rails  every  day,  the  engineer  to  the  North-Eastern  Railway  Com- 
pany had  quite  recently  laid  down  i  mile  of  track  with  the  new 
fastener  on  the  main  line  to  London,  and  it  was  standing  the  test 
most  admirably. 

The  Chaikmax  (Mr.  J.  S.  Dixon)  proposed  a  vote  of  thanks 
to  Mr.  Kirkup  for  his  paper. 

Mr.  M.  Waltox  Brown  seconded  the  resolution,  which  was 
lordially  approved. 


Mr.  W.  C.  Black ETT  read  the  following  paper  on  "  Under- 
ground Stables  " :  - 
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UNDERGROUND  STABLES. 


By  W.  C.  BLACKETT. 


Much  interest  was  shewn  by  members  in  their  discussion  upon 
a  recent  paper  concerning  the  feeding  of  colliery-horses,  and  it 
is  possible,  therefore,  that  the  subject  of  stabling  may  attract  equal 
attention. 

Moreover,  it  may  be  advisable  to  shew  that  mining-engineers 
do  give  some  thought  to  a  subject  which  has  recently  engaged  the 
consideration  of  several  well-meaning  persons,  who  without  having 
any  adequate  means  of  informing  themselves,  have  arrived  at  the 
conclusion  that  the  treatment  of  pit-ponies  deserves  more  of  their 
sympathy  than  does  that  mete<l  out  to  other  people's  horses. 
There  is  more  cruelty  and  neglect  on  the  surface  than  is  t/)  be 
found  among  the  pit-lads  of  Durham  and  Northumberland, 
among  whom  it  is,  in  the  few  instances  discovered,  severely 
punishe<l.  Cruelty  is  an  extravagance  which  even  the  callous 
cannot  afford. 

On  the  writer's  desk  is  a  polished  hoof,  the  silver-mounte^l 
inscription  of  whicli  reads  as  follows:  - 

SWALU)W. 

A  10  hands  ShctlaiKl  |M)ny,  whh  5  yeiirH  oM  wh«'ii  put  to  work  down  Kimhlen 
worth  pit  on  .May  *2n<l,  1S7<».  He  ceased  work  '20'.  yearH  later  on  (KtolxT  l*2th, 
iKflH,  aged  27  years.  During  the  whole  of  his  workin>;  life  he  never  had  a  Hick  or 
sorry  tlay,  the  0  weeks'  strike  of  1S7U  and  the  13  weeks'  strike  of  IHthi  being  the 
only  occasions  on  which  he  was  idle.  On  Auj;ust  Sth,  ISO  •',  when  'J.')  yt'iir?-  old,  lie 
took  third  prize  among  *20  other  pit-ponies  she>%n  in  Durham. 

This  is  but  typical  of  many  examples  which  could  be  bnmgbt 
forward;  and  every  colliery  can  usually  bonst  of  several  animals 
whose  lifo-rccords  would  speak  e(iually  well  of  honourable  years 
of  com foH able  e(|uine  ser\'itude,  and  of  the  kindness  and 
humanity  not  only  of  those  who  manage  the  mines,  but  of  the 
men  also  who  wait  upon  the  ponies  in  their  stables  and  the  ladti 
who  direct  their  lalxmrs  in  far-rca<*hinir  underground  j^alleries. 
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In  no  way  can  the  comfort  of  a  pony  be  better  provided  for, 
than  in  the  home  to  which  it  has  to  return  after  its  day's  arduous 
labour  is  finished,  and  for  this  it  must  look  very  largely  to  the 
management  of  the  colliery. 

Horsekeepers  may  be  anxious  about  the  welfare  of  their 
charges,  and  may  strive  their  best  to  attend  thoroughly  to  their 
watering,  feeding  and  cleaning,  but  the  work  will  only  be  well 
done  if  the  stable-arrangements  are  such  as  lend  themselves 
naturally  to  such  care  and  cleanliness. 

The  writer  has  seen  all  kinds  of  underground  stables,  from  those 
extravagant  in  their  cost,  lavish  in  brick-arching  and  in  many 
fancy  contrivances,  to  those  of  a  most  primitive  and  ill-con- 
ceived design,  but  that  which  commends  itself,  is  one  which  com- 
bines simplicity  and  economy  with  hygiene  and  comfort. 

The  ventilation  should  be  so  arranged  that  air  cannot  be 
wasted  to  the  return-ai  i  way,  and  therefore  the  stables  preferably 
should  be  placed  as  a  branch-airway  from  the  intake-airway, 
having  the  entrance  and  exit  so  constructed  with  *'  sconces " 
as  to  catch  enough  current  to  freely  circulate  through  the  stables^ 
without  unduly  chilling  the  inmates,  and  return  the  air  for 
further  use  in  the  mine. 

Figs.  1,  2  and  '^  (Plate  XIII.)  shew  how  the  stable  should  be 
niade.  The  gallery  chosen  should  be  lined  on  each  side  with 
brick-walls,  AA,  BB,  in  which  anj'  recesses,  required  for  a  variety 
of  purposes,  can  be  made  where  necessary.  The  leather-gear, 
however,  is  bettei*  preserved  if  left  hanging  in  the  air-current. 

These  walls  may  support,  if  the  roof  requires  it,  wooden  or  steel 
joists,  C,  which  may  be  placed  so  as  to  mark  the  divisions  between 
^Jch  stall.     If  the  roof  is  very  bad,  arching  sprung  from  side 
to  side  of  the  gallery  may  take  the  place  of  the  joists.     Hung  from 
these  joists  or  from  the  roof  by  means  of  chains,  are  swinging 
Wooden  partitions,  1),  which  separate  the  stall  of  one  pony  from 
that  of  its  neighbour.     The  moving  partitions  have  the  advantage 
that,  while  amply  providing  for  separation,  they  permit  free  ven- 
tilation, and  do  not  furnish  smy  fixed  comers  for  the  accumulation 
of  dirt  or  for  the  harbouring  of  vermin.         Impatient  animals 
cannot   hurt  themselves   or  their  stables   by    kicking   at  sides 
which  swing  and  give  to  the  blow,  while  the  gregarious  nature  of 
the  horse  is  provide<l  for  by  allowing  him  a  view  of  his  companions 
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tin  either  side.  The  whole  stable  can  be  seen  at  a  glance  from  one 
«nd,  and  is  invariably  sweet  and  free  from  strong  ammonia- 
vapoui-s.  In  any  form  of  stable  it  is  necessary  to  move  quarrel- 
some animals  until  a  neighbour  to  their  liking  is  discovered. 

The  mangers  ai-e  fashioned  in  cement,  and  supported  bj 
means  of  brickwork,  E,  at  a  height  appropriate  to  the  size  of  the 
animal.  They  should  be  as  low  as  possible,  and  the  writer  thinkc 
that  the  mangers  shewn  in  the  illustrations  would  be  much 
improve<l  by  being  place<l  lower.  Iron  bars,  built  in  a  few  inchee 
fnim  each  edjre,  will  prevent  the  ponies  from  throwing  out  their 
food  and  wasting  it.  Water  can  be  brought  to  each  stall  by 
means  of  an  ir<m  pipe,  and  each  i-eceptable  should  be  provided 
with  easy  means  of  drainage  for  cleaning-out  purposes.  Horses 
thrive  better  if  they  have  access  t«)  water  at  all  times,  and  do 
not  drink  so  mu<»h  as  when  it  is  only  given  at  long  intervals. 

An  iron  rack  should  run  along  the  front-wall  for  the  use  of 
grasb  in  summer,  as  it  is  to  be  presumed  that  hay  will  always 
be  given  chopped. 

A  large  ring  in  the  front  of  the  manger  with  a  weight,  chain 
and  collar,  will  serve  to  fasten  up  the  horse,  and  great  care  should 
be  taken  that  the  chain  is  of  a  pr<»per  length.  On  no  account 
slu>ul(I  any  animal  ever  be  tied  up  with(mt  a  running  chain  anil 
ring,  as  in  this  way  ac<idents  occur  from  strangling,  the  horse 
getting  his  leg  over  the  chain  or  rope  and  being  cast  in  his  stall. 

Tlic  floor  of  the  stable  is  the  most  important  feature,  and  the 
writer  has  romc  to  the  conclusion  that  there  is  only  one  really 
•rood  method  of  construction,  in  the  absence  of  ordinary  bedding 
material.  Mr.  Charles  Hunting,  in  his  i)a])er  on  the  feeding  of 
underground  horses,  is  res])onsible  for  the  statement  that  only  1  in 
10  lies  down  on  brick,  *J  in  10  on  cement  with  sawdust,  and  7  in  10 
on  w<M)d.  This,  the  writer  thinks,  can  only  refer  to  very  large 
horses  :is  he  is  nOt  aware  of  a  single  case  at  the  ccdlieries  under 
his  charge  of  an  animal  which  does  not  regularly  lie  down.  The 
fl(»or  of  «»ach  stall  is  made  of  the  best  ])ossible  cement-concrete, 
<hannelled  in  the  onlinary  way,  with  a  fall  «>f  about  1  in  '{0  to  a 
main-drain  behind  the  stalls,  having  a  fall  of  about  1  in  48.  The 
ron<*rcte  <»f  each  stall  is  further  re«*essed.  so  as  to  contain  a  boanl- 
inir  of  |)itch])ine,  5  feet  by  0  feet  by  l\  inches  thick,  with  2  inch 
inter'-ticcs  lietwcen  the  boanls,  and  on  these  the  {)onies  He.  high 
and  <lrv. 
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^  The  boards  are  made  in  halves,  and  are  daily  lifted  for  airing 
and  cleaning,  while  the  pony  is  out  at  work.  The  slope  of  1  in  30 
for  drainage  is  not  good  for  the  flexor-tendons  or  hind-quarters  of 
aliorse,  and  it  is  possible  to  correct  this  by  the  use  of  boards,  so  that 
tke  horse  may  stand  practically  level  thereon,  while  the  cement 
below  remains  sufficiently  sloped. 

Actual  experience  has  proved  that  such  a  floor  lasts  longer  than 
any  other,  and  that  the  condition  of  the  ponies  is  much  improved. 
Thepitchpine  lasts  far  longer  than  cement,  under  the  wear  of  iron 
Aoes,  and  floor-boards  are  still  in  use  which  were  laid  down  when 
first  designed  some  5  years  ago. 

Another  form  of  stall,  shewn  in  Figs.  4  and  5  (Plate  XIII.), 
is  used  where  the  roof  is  verj'  short  and  would  not  allow  of  the 
excavation  of  a  wide  gallery.  Each  stall  is  really  a  loose-box, 
but  in  other  respects  the  construction  remains  the  same. 

If  possible,  stables  should  be  lighte^l  by  electricity,  and  kept 
whitewashed  and  disinfected.  A  curious  belief  has  sprung  up  that 
dark  stables  injure  the  eyes  of  horses.  It  is  a  common  fallacy 
that  animals  working  underground  become  blind,  and  even  so 
admirable  u  writer  on  the  su])ject  as  Mr.  James  Fitzwygram  says 
that  if  deprived  of  light,  the  optic  nerve  becomes  paralysed  and 
blindness  results.  This  is  all  nonsense,  although  of  course  if  a 
horse  were  never  allowed  t^  see,  something  of  the  kind  might 
bappen  ;  yet,  under  ordinaiy  working  conditions,  neither  the  eyes 
of  men  nor  horses  are  aft'octed  by  working  underground,  other 
than  by  injury. 

The  pony  that  has  been  referred  to  as  working  over  20  years 
underground,  was  quite  sound  in  his  eyes,  and  exemplified  the 
iter's  invariable  experience. 

The  cost  of  such  a  14  hands  pony-stall  as  has  been  described 
would  vary,  according  to  requirements,  from  £5  to  £6  lOs.,  but 
this  does  not  include  any  stonework  or  other  excavation. 

One  or  two  loose  boxes  for  isolation -purposes  should  be  pro- 
vided, in  positions  where  infection  of  healthy  animals  would  not 
be  easy,  and  any  pony  coughing  or  vshowing  symptoms  of  even 
common  cold  should  be  removed  theieto  at  once.     These  boxes 
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should  be  fitted  with  slingH  for  severe  injuries,  as  in  winter  time  it 
is  usually  inadvisable  to  remove  a  pony  from  the  warm  mine  to 
the  cold  surface. 

Further  hospital-accommodation  should  always  be  provided 
on  the  surfar»e,  and  no  newly-purchase<l  animal  should  ever  be 
put  underj^round,  until  it  has  b(^n  under  careful  observaticm  in 
an  isolated  place  for  one  or  two  weeks. 


Mr.  U.  R.  Hewitt  (H.M.  Inspector  of  Mines,  Derby)  said  that 
horsekeepern  were  too  frefjuently  labouren^,  who  know  little  of 
the  re(|uireinent«  of  a  stable,  and  were  not  traine<l  in  stable- 
management,  with  the  conse^iuence  that  horses  at  some  mines 
were  neglec^ted.  Stables  should  have  a  tram-road  at  the  head  and 
at  the  tail  of  the  horse,  the  former  used  entirely  for  feeding:  pur- 
poses and  ventilation,  and  there  was  then  \w  nei-essity  for  the 
attemlant  to  gn  by  the  side  «»f  a  restive  horse,  except  for  the 
purpose  of  clean inf?  the  horse  or  the  stall.  When  there  were  two 
roads,  there  wa*  ample  room  for  a  jrood  air-current  to  pass  ahm^ 
each  standing',  and  there  was  no  ne(*essity  for  the  wiwulen 
partition,  and  he  prefeiT<Ml  to  see  ea<*h  standinf?  kept  separate  and 
distinct  by  brickwork. 

It  was  not  always  possible  to  liffht  stables  ele<»trically,  but 
it  WHS  always  possible  to  keep  them  whitewashed  and  disinfected. 
1 'nless  several  sets  of  stabh»s  were  built  some  distan<'e  apart,  it  was 
very  (h^sirnble  thnt  several  loos(»  boxet*  should  be  pn>vided,  for 
the  isolation  of  infectious  and  sup{>osed  infectious  cases.  The 
horse  w;is  |)articularly  liabh*  io  infe<'tion  from  its  neifrhbouix  in 
the  stable.  All  stables  shouhl  have  an  ample  volume  of  air 
passing  thron^di  them,  and  shouhl  1m»  ke])t  strictly  «*lean  in  every- 
way, bnt  he  (Mr.  Hewitt)  was  surprised  to  find  that  Mr.  Blackett 
re(*o)nmcnd(Ml  that  the  air-current,  after  passin^^r  through  the 
stables,  should  go  straight  into  the  mine-workings.  In  the 
Spt»cial  Rules  lor  the  Midland  mines-inspection  district,  this  was 
prohibittNJ,  with  the  words  "  where  practicable  "  a(Ule<l,  an<l  it  was 
very  desirable  that  stable-smells  shouM  not  be  allowe^l  to  jmiss 
along  with  the  air-current  and  into  the  working-places.  It  was 
al>s<»lutely  necessary  in  the  maj<»rity  of  cases  to  avoid  this,  and 
the  passage  of  ventilating-current  direct  into  the  return  air- 
wav  was  an  easy  matter  in  most  mines. 
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Mr.  H.  W.  Hughes  (Dudley)  wrote  that  there  were  several 
tx)iut8  in  Mr.  Blackett's  paper  about  which  diiferences  of  opinion 
Diig'ht  reasonablj*   exist.       It  certainly  appeared   preferable  to 
rentilate  the  stable  by  an  independent  split  of  air  and  to  return 
the  more  or  less  foul  air  direct  to  the  upcast,  without  attempting? 
bo  pass  it  into  the  workings.     This  split  of  air  could  be  properly 
'jn trolled  by  a  regulator,  leakage  could  be  redu<-e<l  to  a  minimum, 
uid  a  smaller  or  larger  quantity  of  air  pti88e<l  throuprh  the  stables 
BLs  desired.     He  preferred  to  send   a  moderate  (|uantity  of  air 
through  the  stalls  as  soon  as  the  horses  had  left  in  the  morning, 
BO  as  thoroughly  to  cool,  purify  and  clean  the  stables,  until  they 
were  (juite  sweet.     The  regulator  was  then  nearly  (closed,  and  the 
stables  allowed  to  warm  again,  ready  for  the  horses  at  night.     He 
had  found  that  it  was  not  advisable  to  send  horses  dircn^t  from  the 
workings  into  a  cold  stable,  but  to  bring  them  in  warm  and  then 
■lowly  allow  them  to  cool  down.     The  (juestion   as  to  whether 
the  stiible  should  be  placed  in  an  elaborate  andi  or  not  was  depend- 
ent upon  circumstances,  and  it  was  the  misfortune  and  not  the 
^fault  of  the  engineer  that  he  had  often  to  waste  money  on  brick- 
work.    He  had  at  one  colliery  a  stiible-anh  inverted,  the  brick- 
work of  which  was  2*i  inches  thick,  but  this  was  only  put  in  after 
two  other  aiches  with  thinner  walls  and  inverts  had  been  crushed. 
Mr.  Black ett's  statement  that  horses  throve  better  if  they  had 
access  to  water,  at  all   times,   was  an   important  one,   and   he 
believed  that  it  was  fully  borne  out  by  facts.       He  had  always 
used  a  water-bosh  to  each  stall,  supplied  by  a  pipe  and  provided 
with  an  outlet-drain  at  the  lH)tt^)m  :  this  was  generally  closed  by 
a  plug,  which  enabled  the  stay  of  water  to  be  let  out  each  day.* 
.  In  addition  to  ensuring  a  supply  of  fi-esh  (tlean  water,  he  also 
'  flushed   out  the   stall,    and   this   ren<lered    (deaninj;   more    easy. 
Swinging   partitions   had    all   the   advantages   claimed    by   Mr. 
Blackett,   but  some  of  them   were  shared   by   fixed  partitions. 
,  There  was  no  need  for  a  fixed  partition  to  reach  the  floor  or  the 
roof :   it  might  occupy  the  middle  part,  and  then  the  ventilation 
was  not  impeded,  there  were  little  or  no  places  for  rubbish  to 
accumulate,  and  each  horse  could  see  its  neighbour.     Sometimes 
with  a  swinging  partition,  he  had  found  horses  injuring  them- 
selves about  the  head  by  getting  up  awkwardly,  and  as  a  horse 
l^enerally  lay  down  on  the  same  side  each  night  he  sometimes 

*  Ttxt-book  of  CocU-minhuj,  fourth  edition,  page  233. 
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pushed  the  partition  on  to  his  neighbour.  Again,  although  they 
could  not  directly  kick  the  next  horse  yet  they  could  kick  the 
partition  on  to  him,  and  as  it  rebounded  they  also  received  a 
blow :  and  this  often  caused  restiveness  among  the  horses.  The 
description  which  Mr.  Bla(»kett  gave  of  the  double  flooring  that 
he  had  adopted  was  most  interesting.  Everyone  would  admit  that 
in  the  absence  of  bedding,  which  was  rather  out  of  place  under 
ground,  a  horse  would  lie  down  better  on  wood  than  on  any  other 
material,  but,  unfortunately,  wood-flooring  became  saturated  with 
water,  polished  and  slippery,  making  it  a  most  difficult  surface 
for  horses  to  stand  upon.  He  had  tried  fixing  small  wooden 
strips,  in  order  to  aftord  a  foothold  to  the  horses,  but  these  some- 
times were  kicked  off,  and  at  others  had  the  corners  filled  with 
dirt,  so  that  they  became  useless.  Such  wooden  casings  were 
fixtures  and  plained  directly  on  the  ground,  but  by  making  the 
floor  in  two  halves,  so  that  it  could  be  moved,  and  by  elevating  it 
slightly  above  the  concrete-floor,  Mr.  Blackett  seemed  to  have 
overcome  these  objeiitions. 

Mr.  W.  C.  Blackett  said  that  he  once  had  been  carried  away 
with  the  idea  that  stables  should  have  tram-roads  at  the  head  and 
tail,  and  several  other  adornments  such  as  expensive  brick-pwir- 
titions.  Experience,  however,  liad  taught  him  that  much  of 
this  was  uimecessary  and  a  waste  of  money ;  there  were  far  too 
many  comers  to  harbour  dirt,  and  i>eiiect  airing  was  an  impos- 
sibility. He  could  not  agree  with  those  who  had  framed  the 
Special  llules  in  the  Midland  niine-insj>ection  district,  so  as  to 
prevent  the  air  from  the  stables  being  returned  for  further  use  into 
the  mine.  Horses  and  ponies  did  not  breathe,  while  resting,  say, 
more  than  90  cubic  feet  of  air  each  per  hour,  and  to  keep  a  stable 
of,  say,  oO  animals  cool,  it  was  necessary  to  circulate  many  times 
this  volume.  The  ventilation  of  a  mine  contemplated  the  provision 
of  air  for  men  and  animals,  and  while  they  were  working  they  used 
much  more  air  than  wlien  resting :  yet  if  it  was  not  (considered 
objectionable  to  use  air  which  had  passed  over  the  ponies  in  the 
workings,  why  should  it  not  be  allowed  for  important  purposes 
after  it  had  served  the  pcmies,  using  as  they  did  a  less  quantity  w^hen 
at  rest?  The  most  impoHant  puriH)se  to  l)e  served  by  air  in  a 
mine  was  to  **  dilute  ajid  render  harmless  noxious  gases,"  and  to 
waste  large  (luantities  of  air,  merely  because  a  small  percent^ige 
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had  once  been  breathed  by  ponies,  seemed  to  him  to  be  folly. 
Allowing  that  the  small  quantity  of  carbonic  acid  so  produced  was 
harmless,  Messrs.  Hewitt  and  Hughes  would  be  in  a  further 
dilemma,  inasmuch  as  if  the  stable-air  was  unfit  for  further  use  in 
the  mine,  then  the  stables  must  have  been  allowed  to  become  too 
foul.  The  air-current,  on  the  iu-bye  side  of  stables  kept  in  a  proper 
state,  should  have  only  a  perceptible  odour,  and  that  largely  from 
the  use  of  small  quantities  of  disinfectant.  In  those  stables,  where 
the  current  was  wasteil  into  the  return-airway,  he  h(u\  observed 
certain  incidents  at  nameless  collieries,  which  introduced  further 
objections.  He  had,  for  instance,  known  cases  where  a  sort  of  war 
was  carried  on  between  the  ovennan  who  wanted  air  for  his  work- 
ings and  the  horsekeeper  who  desii-ed  it  for  his  animals.  Some- 
times the  workings  were  foul,  and  sometimes  the  horses  suflEered. 
A  cold  was  almost  an  unknown  thing  in  the  stables  under  con- 
sideration, and,  when  such  a  thing  had  occuri-ed,  the  animal  was 
at  once  isolated,  and  seldom  indeed  had  it  ever  happened  that  the 
complaint  spread.  Horses  caught  cold  muc'h  more  readily  in 
dirty,  close  stables  than  in  those  that  were  well-aired,  and  for 
that  reiison  he  could  not  agree  with  Mr.  Hughes,  who  apparently 
wasted  most  air  in  the  day-time  (when  he  presumably  wanted  it 
the  most)  by  allowing  more  air  to  pass  the  stable-regulator  when 
the  ponies  were  out.  And,  in  any  case,  the  ventilation  could  be 
quite  as  easily  controlled  in  returning  the  air  to  the  mine,  as  in 
wasting  it  to  the  upcast  shaft. 

The  Chairman  (Mr.  J.  S.  Dixon)  moved  a  vote  of  thanks  to 
Mr.  Blackett  for  his  interesting  paper  upon  an  important  detail 
of  mine-management. 

Mr.  M.  Walton  Brown  seconded  the  resolution,  which  was 
cordially  approved. 


DISCUSSION   OF   ME.   SYDNEY   F.   WALKER'S   PAPER 

ON  "  ALTERNATING  CURRENTS,  ETC'* 

Mr.  G.  W.  de  Tfnzelmann  (London)  wrote  that  Mr.  G.  A. 

Mitchell  said  **  he  had  seen  it  stated  that  while  a  pressure  of 

1,500  or  2,000  volts  was  fatal  to  life,  with  much  higher  pressures, 

such  as  10,000  or  20,000  volts,  there  was  not  the  same  risk,"!  and 

*   TiUH^.  Iw*t,  M.E,,  1901,  vol.  xxi.,  page  451  ;  and  vol.  xxii.,  [jage  566. 

t  IhuLy  vol.  xxii.,  page  569. 
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asked  for  further  information  on  this  point.  It  appeared  obviouB 
to  him  (Mr.  de  Tunzelmann)  that  what  was  in  Mr.  Mitchell's  mind 
must  have  been  some  statement  referring  to  a  fact  which  was 
well  known  to  most  station-engineers  and  others  who  ha<l  to  deal 
in  practice  with  high-pressure  alternating  currents,  namely,  that 
a  voltage  of  about  2,000  was  very  mut^h  more  dangerous  to  switch- 
board attendants  and  workmen  than  those  of  10,000  volts  or  up- 
wards. The  rfMison  for  this  lay  in  the  fact  that  if  a  man  accid- 
entally grasped  a  conductor,  contact  with  whi(^h  would  include 
him  in  an  alternating  circuit  with  a  pressure  of,  say,  2,000  volts, 
he  would  feel  little  effect  until  liis  hand  was  actually  in  (contact 
with  the  conductor,  when  the  resulting  contraction  of  the  muscles 
would  prevent  him  from  letting  go,  ensuring  the  best  contact 
possible  under  the  circumstances,  and  the  pn>longe<l  action  of  the 
current.  At  10,000  volts,  and  s-till  more  at  higher  pressures,  the 
hand  would  be  strongl}'  rei>elled  before  actual  c(mtact  took  place, 
to  such  an  extent  that  contact  was  extremely  unlikely,  and,  there- 
fore, the  woi'kman  might  ver>'  possibly  escape  with  a  severe  bum, 
due  to  a  momentary  arc  being  formed  between  his  bo<ly  and  the 
conductor.  If  actual  contact  t^Mik  pla<e,  the  hand  would  be  fixed 
round  the  (conductor  as  in  the  case  of  lower  voltages,  and,  given 
similar  (conditions  with  respect  to  the  two  contacts  necessary  to 
complete  the  cin^uit,  a  greater  (current  would  pass  in  the  (rase  of 
the  higher  pressures,  and  therefore  there  would  be  a  still  greater 
probability  of  a  fatal  result. 

Mr.  Syj)X'kv  F.  Walkkr  (London)  wrote  that  he  could  hardly 
agree  with  the  view  set,  foi-th  by  Mr.  do  'ruiizelmann,  nor  did  he 
think  that  the  (experience  which  Iw  ^ivcs  is  a  common  (me:  ht 
would  call  it  a  most  uncommon  exp(»ri(»ncc.  His  (»xiM»rience,  and, 
he  belicived,  that  of  most  electrical  engin(»ers  engagt^l  in  pra(*tical 
work,  is  that  the  current,  on  t4»uching  a  conduct4)r,  is  felt  im- 
mediately, unites  the  hand  has  matter  on  it  which  prot^Mts  it.  He 
had  r(»ceiv(Ml  many  smart  shtw-ks  from  a  JOO  v(dts  alternating? 
circuit,  and  with  a  very  slight  touch.  Also  supposing  that  a  work- 
man's hands  were  prot^yt(Nl  hy  caked  dirt,  or  horn,  so  that  he 
would  not  feel  comparativ(dy  low  pr(\ssur(»s,  higher  pressures,  uj; 
to  a  certain  figun»,  would  only  have  the  same  el^M-t  u|)on  him  as 
lower  pn^ssun^  have  u\un\  individuals  not  S4»  prot(Mte«l :  this 
W(mld  apply  to  what  nuiy  hv  t(M  nuvi  '  lc»w  high  pn»ssuivs,"  those 
of,  say,  500  to  2,0(M)  v(dts.     The  gre^iter  number  of  fatalities  from 
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2,000  volts  circuits  have  been  among  workmen.  There  is  one 
point  in  connection  with  this  matter,  on  which  Mr.  de  Tunzelmann 
is  correct,  and  that  is  the  time-factor.  Time,  it  is  now  well 
established,  has  a  most  important  bearing  upon  the  result,  and  if 
a  man  does  catch  hokl  of  a  2,000  volts  service,  it  is  quite  correct 
to  say  that  he  cannot  easily  let  go  and  is  killed  by  the  passage 
of  the  current  for  a  given  time.  But  this  is  also  true,  in  many 
cases,  of  a  500  volts  continuous-current  service,  and  of  a  200  volts 
alternating-current  servi<*e.  It  is  hardly  corre<*t  to  say  that 
the  10,000  volts  service  would  repel  a  man's  hand ;  but  it  will 
come  out  to  him,  and  give  him  a  nasty  shock,  accompanied 
by  an  equally  nasty  bum,  without  the  necessity  of  his  touching 
the  conductor.  Surely  that  can  hardly  be  called  safer.  The 
meaning  of  this  is,  with  10,000  volts  alternating,  the  maximum 
pressure  of  which  is  14,400  volts,  the  pressure  is  sufficient  to  enable 
the  spark  to  pass  across  a  short  interval  between  the  ((mductor  and 
a  man's  hand.  The  high  pressure  breaks  down  the  resistance  of 
the  air-space.  So  far  as  he  knew,  the  <mly  possible  explanation  of 
the  rei)ort  referre<l  to  by  Mr.  Mitc^hell,  that  high  pressures  are 
safer,  is  the  fa(»t  also  referred  to  at  Glasgow,  that  high  pressures 
are  perfectly  safe,  provided  that  they  are  alteruatinfr,  and  at  very 
high  frequencies.  He  (Mr.  A\^alker)  might  mention  that  alter- 
nating currents  of  very  high  pressure  and  very  high  frequency 
are  being  used  in  London  for  medical  purposes — in  the  treatment 
of  cancer  and  some  other  diseases.  Th(»  pressures  used  cannot  be 
less  than  100,000  volts,  and  the  freijuencies  probably  several 
millions  per  minute,  as  against  the'2,400  per  minute,  or  40  periods 
per  second,  of  modern  alternating-current  practice. 


DISCUSSION    OF    ME.    A.    RATEAU'S    PAPER    ON    "A 
REGENERATIVE  STEAM-ACCUMTTLATOR,  ETC."* 

Mr.  A.  Rateau  wrote  that  steam-engines,  working  intermit- 
tently, such  as  winding-engines  and  rolling-mill  engines,  even 
when  they  are  provided  with  condensers,  consume  a  very  large 
quantity  of  steam,  the  consumption  being  often  four  times  as 
preat  as  that  of  an  engine  working  continuously.  The  principle 
of  the  Rateau  system  is  to  fit  engines  working  intermittently  with 
a  condenser  and  to  cause  the  steam  that  enters  the  latter  to  do 
♦    Trau^.  hv*t,  M.E.,  1901,  vol.  xxii.,  page  61.'^. 
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work  in  a  turbine,  regulating  the  flow  of  steam  by  interposing^ 
between  tbe  turbine  and  the  intermittent  engine,  an  apparatus 
which  ran  be  called  a  steam -regenerator. 

Taking  as  an  example,  the  plant  nearly  completed  at  the 
Bruay  mines,  the  steam-regenerator  consists  of  8  vertical  cylin- 
drical vessels  of  wrought-inm,  within  which  are  placed  a  seriee  of 
cast-iron  plates,  the  upper  portions  of  which  form  a  ba^on.  These 
vessels  communicate  on  one  side  with  the  cylinders  of  the  wind- 
ing-engine and  on  the  other  side  with  the  turbine.  When  the 
winding-engine  is  at  work,  the  steam  enters  the  regenerator  in 
quantity  greater  than  the  mean  consumption  of  the  turbine  ;  and 
the  excess  is  condensed  in  the  cast-iron  basins  by  reason  of  a 
slight  increase  of  pressure  within  the  apparatus,  a  pressure 
practic^ally  e<iual  to  that  of  the  atmosphere.  The  temperature 
also  rises,  but  this  increase  is  limited  to  a  few  degrees  on  at^'count 
of  the  large  mass  of  cast-iron  (40  tons)  whic^h  forms,  so  to  speak, 
a  heat  fly-wheel.  AVhen,  on  the  other  hand,  the  winding-engine  is 
stopped,  the  water  condensed  in  the  basins  is  given  ofl^  again  in 
the  state  of  steam,  owing  to  the  heat  which  has  been  stored  in  the 
cast-iron  during  the  prece<ling  period.  The  turbine  is  thus  fed 
continuously  by  a  flow  of  steam  subje<'t  to  small  variations  of 
pi-essure,  presuming  that  the  periwls  of  stoppage  of  the  winding- 
engine  are  not  t(K)  prolonged,  and,  of  course,  easily  brought  to 
an  almost  uniform  pressure,  by  means  of  the  regulating  valve 
and  governor. 

The  turbine  consists  of  several  wheels,  in  series,  mounted  upim 
the  same  shaft,  their  dianiet^M-  being  »i.")*4-i  inrhes  (d'O  metre).  It 
receives  steam  from  the  regenerator  at  a  pressure  very  slightly 
below  that  of  the  atmosphere,  so  as  not  to  interfere  with  the  eB(*ape 
of  steam  from  the  winding-engine.  From  the  turbine,  steam 
enters  the  c(mdenser,  in  which  a  vacuum  of  from  24 J  to  2oi  inches 
(€)2  to  05  centimetres)  of  mercury  is  maintained!.  Under  these 
conditions,  the  turbine,  making  KOOd  revolutions  per  minute, 
will  develop  a  force  of  -iOO  horse-power.  This  force  is  utilized 
to  work  a  double  dynamo  keycnl  to  the  same  shaft,  the  current 
from  whirh  go<v  to  the  main  switch-board,  to  be  distribut^nl  on 
a  three- win*  systiMu. 

Whent'ver  the  winding-engine  stops  for  a  somewhat  too 
lengthy  period,  precautions  must  betaken  that  the  turbine,  which 
supplies  the  electric  current,  should  not  stop.     This  possibility 
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ha^'  been  prevented  by  fitting  the  turbine  with  an  arrangement 
\vhich  antomatieally  passes  live  steam  directly  from  the  boilers. 
This  is  so  regulated  that,  for  example,  if  the  turbine  works  at  a 
pressure  of  0*90  atmosphere  absolute,  steam  will  be  admitted 
until  the  pressure  attains  to  0*95  atmosphere  by  means  of  a 
special  reducing-valve. 

The  Bruay  turbine  has  been  submitted  to  exact  tests  in  the 
shops  of  Messrs.  Sautter-Harle  &  Cie.  (whei-e  the  machine  was 
built),  running  at  1,000  revolutions  with  a  vacuum  in  the  con- 
denser of  24i  to  25A  inches  (02  to  05  centimetres)  of  mercury,  and 
a  pressure  of  V^  i)ounds  per  square  inch  (0*9  kilogramme  per 
square  centimetre)  at  a  consumption  of  40  pounds  (18  kilo- 
g'rammes)  of  steam  per  hour  and  per  electric  horse-power  at  the 
terminals  of  the  d3'namo.  If  the  winding-engine  takes  100  poimds 
(45  kilogrammes)  of  steam  per  effective  horsepower-hour  (calcu- 
lated upon  the  coals  raised),  the  turbine  will  produce,  in  the  form 
•ot  electric  current,  2^  horsepower  per  effective  horsepower  utilized, 
or,  say,  250  horsepower,  if  the  useful  effect  of  the  winding- 
engine  be  100  horsepower.  With  a  pressure  of  1  atmosphere,  and 
a  vacuum  of  20i  inches  (07  centimetres)  of  mer(!ury,  the  con- 
sumption of  steam  in  the  turbine  will  fall  to  'M  pounds  (13^ 
kilogrammes)  per  horsepower-hour.  With  live  steam  at  114 
pounds  per  square  inch  (8  kilogrammes  per  square  centimetre) 
utilized  direct,  the  steam-consumption  would  be  less  than  IS 
pounds  (8  kilogrammes). 

The  advantage  of  a  series-turbine  is  to  utilize  the  whole  of  the 
fall  of  pressure  down  to  the  pressure  of  the  condenser  itself.  A 
turbine,  such  as  that  of  Bruay,  gives  an  efficiency,  which  is 
almost  d(mble  that  of  the  third  cylinder  of  a  triple-expansion 
•engine. 


'  DISCUSSION  OF  MK.  G.  R.  THOMPSONS  TAPER  OX 
"THE  CONNECTION  OF  T^NDERGROUNl)  AND 
SURFACE-SURVEYS."* 

Mr.  S.  J.  PoLLiTZER  (Sydney,  New  South  Wales)  wrote  that, 
in  his  experience,  there  was  no  case  in  whic^h  the  magnetic-needle 
''    method  should,  for  even  the  shortest  connection,  be  employed,  as 
f!   the  variation  of  the  needle  at  each  plat  was  different  and  occasion- 
ally by  many  degrees,  and   none  of  the  plat-variations  can   be 
*   Tratuf.  Imt,  M,E,,  1901,  vol.  xxii.,  page  519. 
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made  to  aprreo  with  the  one  taken  on  the  surface.  In  desoribi 
the  traiisit-iiiethci(l,  Mr.  Thompson  omitted  to  i:ive  some  explaii 
tious  which  were  required  in  onhn-  to  make  the  op«»ratiou  coi 
])lete,  altliou^h  he  correctly  transferred  an  aziniullial  line  fni 
the  bottom  to  the  surface:  however,  the  bottom-line  had  i 
initial  point  with  its  co-ordinates  as  yet,  whereas  the  one  on  if 
surface  had  it  in  tlie  vertical  axis  of  the  instrument.  If  he  h« 
said  tliat  he  marked  a  third  point  at  the  bottom,  with  the  telescop 
truly  vertical,  the  operation  as  regards  horizontal  juojectic 
would  have  been  complete:  and  to  be  (|uite  complete,  be  mijrl 
have  stated  how  he  ascertained  the  depth  of  his  bottom-line  bolr- 
the  surface.  AVith  rej/ard  to  his  minute  calculations  on  t' 
jilumb-line  method,  Mr.  Thompson  was  correct  as  to  the  calcul 
tious:  they  were,  however,  not  always  n(H'es>ary  in  iiractice, 
the  disturbing  elements  could  be  removed,  as  he  (Mr.  Pollit/-* 
showed  in  his  paper.* 

Mr.  G.  11.  Thompson  (Leeds)  wrote  that  it  is  interesting  to  lii^ 
Mr.  Pollitzer's  statement  regarding  his  experience  with  the  nii 
netic  needle,  and  his  empliatic  testimony  to  its  erratic  behavi« 
underground,  which  shows  that  great  care  should  be  taken  t(» 
jierfectly  sure  of  the  absence  of  local  attraction  before  tru>tiii> 
mafruj'iic  Nuiv(»y.     When,  howc»ver.  local  attraction   is  knctwii 
be  absent,  an<l  tin*  undergKuind  sights  an»  veiy  short,  a  magnt* 
>urvey   may   be   the   best    that    is   availahle   with   any    leasona^ 
amount  ot   labour.      In  the  introduction  to  his  (Mr.  Thompsof  J 
jiajMM"'"  he  point«*(l  out  tlu»  necessity  of  tIettM mining  a  cctnimnn   < 
oidiiiate  point  and  the  de])th,  as  well  as  the  common  meridian,  1 
tin*  pajjei  it«»«»lf  was  restiicted  to  the  considtMat ion  of  the  degie*- 
accuracy  attainable   in  determining  the   lattei.      'I'he  di»tails    i 
con<luctin^    the  dilVeient   operatitui^   aie   a<lmiiably   descriln^d 
Mr.    Hr(»ugh'>  wr»rk  on   M  in*  -^mri  iiiiuj,  while  w   rcM-ent   ]»a|)er   ' 
Ml.  K.  li.  Liveingi  gives  (»very  detail  in  the  pr;Mti<-e  ot  thi*  trai 
>it-instrument   metliotl  for  a  deep  shatt.      He.  theretort*,  gave  i 
little  detail  <»i  the  ditVeient  piocesM***  a>  poxihie.      Regaiding  tli 
piuinh-lint*  niethcMl,  he  would  hardly  Itok  upon  his  (  aleulatinns  : 
minute:   a«*  they  aie  only  >uch  as  to  d«*teiniine  the  e:|uilil)riun 
point  of  a  >winging  pendulum,  and  <  (Ut^ist   in  simply  taking  tli 

Tiflns.   fn.t.   M.K.,     I1ML».   \oI.    \\v..  |.iiL'f  17. 

*    //..'/.,   l'.M)l,  vol.  x\ii.,  paj***  ."illi. 
:    /'"♦/..    IMMJ,  N<»1    xviii.,  pa>:e  t).'. 
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average  ivadiiiK.     Hy  |)iittiiig  <>n  dittVieutly-weijfhted  pliiinmeis, 
healtoKMl  the  conditions;  of  the  experiment  ami  determined  whether 
there  was  any  disturbance  or  not.     Shouhl  not  this  proof  always 
')•?  given  before  its  absence  is  assumed  ^t    He  looked  forward  with 
'Hferest  to  the  publication  of  Mr.  Pollitzer's  paper,  to  see  in  what 
manner  he  removes  the  disturbing  elements.     At  the  Tamarack 
iiiine,  recently,  it  was  found  that  two  plumb-lines  were  about  1 
n\v\\  further  apart  at  the  bottom  than  at  the  top,  the  depth  of  the 
shaft  being  4,25(1  feet.     After  various  exiMM-iments,  it   wa^  con- 
cliuled  that  the  disturbance  was  due  to  air-currents  and  the  shaft- 
t<>P  and  all  openings  were  closed,  when  the  lines  were  nearer  to- 
get]ier,  how  much  nearcM'  the  brief  note  to  which  he  liad  access  did 
not  state  ;  neitlier  could  he  judge  how  much  the  tr^tal  disturbance 
"t*  either  of  the  plumb-lines  varied  from  the  true  vertical.     Mr. 
Hoslvold  doubts  the  reliability  of  plumb-lines  for  deep  shafts;  but 
^'^  it  not  in  such  that  well  conducted  plumb-line  methods  may  l>e 
^^pocted  to  compete  with  telescopic  ones^     In  the  case  of  a  dry 
rectangular  shaft,  wh(»re  a  possible  plumbed   base-line  may  be 
hoiii^  20  to  24  feet  long,  while  the  transit  base-line  could  only  be 
6  to  7  feet  long  in  the  same  shaft,  and  where  ventilation  can  be  cut 
oft*  for  the  time  being,  he  thought  that  accurate  plumbing  could  be 
doue  and  results  obtained,  which  for  a  deep  shaft  could  only  be 
^'Xeeeded  in  accuracy  by  a  very  powerful  transit-instrument.     The 
accuracy  of  the  result,  moreover,  would  not  be  left  to  chance,  but 
freedom  from  disturbance  would  be  proved ;   the  method  is,  how- 
**^'^r,  tedious.    The  power  of  the  telescope  must  increa.se  for  deeper 
iuul  deeper  shafts  when  the  transit-method  is  adopted.     Mr.  Hos- 
^^«ld  even  admits  that  the  telescope  on  his  5  inches  theodolite  is 
l^ot  sufficiently  powerful  for  deep  shafts,  while  claiming  for  his  0 
luches  instrument  that  it  is.     It  would  be  interesting  to  know  in 
*"is  connection  the  power  of  telescope  that  the  makers  place  on  the 
^^spective  instruments.     He  intended  the  error  which  he  fixed  for 
Pointing  the  telescope  to  be  the  outside  limit,  and  wa.s  prepared 
to  liavp  it  reduced  somewhat  in  the  discussion  ;  but  he  was  liardly 
Pi'epared  to  concede  that  in  practice  it  would  be  more  imaginaiy 
than  real.     The  fact  of  a  very  accurate  holing  having  been  made 
ftt  the  Severn  tunnel  does  not  in  any  way  prove  this,  for  the  con- 
ditions were  those  in  which  great  magnification  was  not  required. 
A  shallow  tunnel-shaft  is  by  no  means  the  same  as  a  deep  mine- 
shaft. 
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Mr.  Victor  Wattfaxk  (Ihussels)  wroto  ihat  the  com  pass  ia 
most  j^enerally  used  in  Belgium  for  uiKlerground  surveys.  In 
addition  to  the  convenience  of  its  use,  the  instrument  has  the  valu- 
able advantage  of  not  continuing  the  angular  errors  which  may 
have  been  committed.  In  fact,  the  compass  indicates,  each  time, 
a  direction  independent  of  those  which  have  been  observed  pi*e- 
viously ;  an  error,  committed  in  a  previous  sight,  cannot,  therefore, 
influence  this  direction  ;  and  has  no  other  consequence  than  to  dis- 
phice  the  starting-point  of  the  hitter.  The  trace  of  the  survey 
wouKl  certainly  be  somewhat  diiferent  from  what  it  ought  t4>  W, 
but  it  wouhl  remain  parallel  to  the  true  trace,  and  would  only 
depart  from  it  by  a  quantity  proportional  to  the  length  of  the  sight 
ill  which  an  error  had  been  made.  It  is  diiVerent  with  the  thod<dite, 
where  an  error  of  angular  measurement  made  at  the  start  is  carrie<l 
throughout  the  entire  traverse,  and  if  this  is  very  long,  an  error  of 
1  minute,  for  example,  may  have  the  consequence  of  causing  con- 
siderable error  in  the  final  i)oint  from  its  true  position.  At  the 
surface,  this  objection  is  generally  less,  for  one  has  usually  several 
points,  which  can  be  sighted  from  different  stations,  and  one  can 
t  hus  verify  whether  any  of  the  sights  have  been  taken  wrongly.  In 
a  mine,  on  the  other  hand,  these  methods  of  verifications  are  very 
rare,  or  in  the  largest  number  of  cases  do  not  exist  at  all.  This 
suj)eri(»rity  of  the  compass  is  well  known,  an<l  it  lu'  (Mr.  Watteyne) 
mentioned  it  here,  it  was  because  it  seenuMl  sometimes  lost  sight  of 
or  not  a))preciat(Ml  at  its  full  value,  in  discussions  on  the  compara- 
tive advantages  of  the  compass  and  the  theod(»lite.  it  would  set*ni. 
therefore,  that  jjreference  should  be  given  to  th(»  use  of  tlu»  com- 
jjass  in  undeiground  surveys:  and  (his  would  be  the  case  if  one 
<*ould  be  certain  that  tin*  direction  given  by  the  compass  at  the 
lM)tiom  of  the  shaft  is  really  the  true  direction,  rnfortunately, 
this  is  far  from<  being  the  case,  and  the  cause**;  of  erroi  are  numerous. 
One  can  avoid  the  conse(|uences  of  variations  of  tlie  magnetic 
neetile,  by  taking  al  the  surl'aee  identical  coni]Kiss-observations 
U))on  a  fixed  direction,  which  is  well  known,  at  the  same  tinu*  as 
the  undeiground  survey  is  being  made,  and  by  carefully  noting  the 
declination  during  tln»  whole  time  that  the  survey  lasts.  Hut  a 
cause  ot  eiror  that  cannot  be  avoided  is  that  which  results  from 
the  tact  that  at  the  same  moment  the  declination  might  be  ditfeivnt 
in  th(*  mine  and  at  the  surface,  that  is  to  say,  that  the  a/imuth  in- 
<licate(|  by  the  compass  wouhl  not  be  the  same  if  on(»  sighted  at  the 
2<ame  moment  in  the  mine  and  at  the  surface.      It  is  prolmble  that. 
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these  (liftVieiiees  of  decliiiatioii  l)otween  the  top  and  bottom  exists 
and  also  that  these  dift'erences  vary  with  the  depth. 

In  a  recent  paper,  written  jointly  with  his  colleague,  Mr.  Libert,, 
it  is  stated  that  in  examining  the  plans  of  different  collieries  which 
work  regular  seams,  it  has  been  noticed  that  the  same  drifts,  traced 
according  to  surveys  made  witli  the  compass  at  different  depths, 
assume  on  the  plans  positions  making  a  certain  angle  with  each 
other,  and  that  this  angular  divergence  is  always  in  the  same  direc- 
tion (Figs.  1  and  2,  Plate  XIV.).*  Let  P  be  a  shaft,  and  A  B  C  a 
coal-seam  worked  successively  at  depths  of  90(1,  1,20(1  and  1,50(> 
feet,  the  levels  of  one  winning  becoming,  subsetiuently.  the  return- 
airways  of  the  winning  immediately  below  it.  Plans  have  been 
made  by  means  of  the  compass  of  the  levels  of  each  winning.  The 
plan  of  the  level  of  the  900  feet  winning  as  surveyed  by  the  com- 
pass is  A  A  ;  and  at  1,200  feet,  the  compass  gives  BB  as  the  direction 
of  the  level.  If  the  working-face,  T,  is  afterwards  surveyed  as  far 
as  the  return-airway,  which,  as  above  said,  is  the  old  level,  A  A,  it 
will  be  found  that  this  airway  does  not  pass  through  A  A,  but 
through  A 'A'.  The  same  deviation  happens  at  the  l,-j(JO  feet 
winning,  where  the  return-airway  is  found  to  occupy  tlie  position 
B'B'  instead  of  the  position  BB.  As  A'A'  is  identical  with  AA. 
and  B'B'  is  the  same  place  as  BB,  some  error  has  manifestly  been 
committed.  AVhat  is  the  cause  of  it  J'  There  might  evidently 
have  been  some  negligence  in  survey,  but  if  there  were  no  other 
causes  it  would  be  very  extraordinary  that  these  negligences 
should  always  produce  deviations  in  the  same  direction.  It  must 
also  be  remarked  that  the  plan  of  the  cross-measui^s  drifts  has 
undergone  deviations  of  the  same  kind,  and  that  the  three  roads,. 
PA,  PB  and  PC,  supposed  to  be  in  the  same  identical  direction, 
have  taken,  in  the  plan,  positions  which  are  not  vertical,  one  above 
the  other,  as  indicated  in  Fig.  2  (Plate  XIV.).  The  explanation 
of  these  errors,  which  are  produced  even  when  working  with  ihe^ 
greatest  care,  is  easily  found  if  one  admits  that  the  declination  of 
the  needle  is  different  at  1,500  feet  from  what  it  is  at  depths  of  900 
feet  or  1,200  feet.  This  difference  will  necessarily  result  in  the 
lines  CC,  BB  and  AA,  which  are  in  reality  parallel  (as  would 
result  from  the  hypothesis  of  a  perfectly  regular  deposit),  being  in- 
dicated by  a  compass-survey  in  different  directions.  The  varia- 
tions of  declination  with  depth  should  not  be  a  matter  of  surprise, 

•  AunfihM  fii-M  Mi  It*  ft  tk    Ihhjiiint,  1902,   vol.   vi.,  page  S96  :   ami  vol.   vii. 
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as  it  is  iiidoed  well  known  that  isogonal  lines,  that  is  to  say,  lines 
alon^  which  the  magnetic  declination  is  the  same,  are  not  meridian 
lines,  nor  are  they  straight  lines  or  regular  curves,  but  on  the 
contrary  sinuous  lines,  at  times  very  irregular.  It  is  nut  sur- 
prising that  such  lines  should  not  be  projected  into  th(»  interior 
of  the  earth  in  absolutely  vertical  surfaces.  The  contrary  seems 
more  probable,  and  it  may  thus  be  that  in  advaming  vertirally  into 
the  eai*th  one  passes  from  one  isogonal  surface  to  another,  ami  that 
consequently  there  should  be  a  different  magnetic  declination. 
If,  indeed,  one  considers  that  isogonal  lines  or  rather  surfaces  are 
shifting  at  each  instant,  and  that  their  sinuosities  are  dit^tMent, 
from  one  point  to  another,  it  may  be  concluded  that  the  law  of  the 
variation  is  different  for  each  locality,  and  that  it  may  undergo 
nKwlifications  from  one  instant  to  another.  It  follows  from  what 
lias  been  said  that  a  knowledge  of  the  methods  and  of  the  instru- 
ments to  be  employed  in  order  to  establish  without  the  help  of  the 
compass  a  connection  between  the  mine  and  the  suHace  is  of  the 
highest  importance.  He  (Mr.  Watteyne)  might  add  that  in  a  mine 
where  it  is  of  importance  to  have  exact  jilans,  it  is  indispcn^ablo 
to  determine  at  each  level,  by  methods  inde])en<lent  of  magnetic* 
l)erturbations,  that  is  to  say,  without  the  aid  ot  the  compass,  a 
4lircction,  reteired  to  a  well-known  direction  on  i\w  suitace.  which 
wouhl  serve  as  a  base-line  for  all  j)laus,  made  at  that  level,  whtMhcr 
such  ])lans  were  made  by  the  compass,  by  mt»aiis  of  the  tlitM)dolitc, 
4)V  bv  anv  other  instrument. 


DISCISSION  i)V  MK.  II.   I).   IIOSKOLDS  VAVKli  oX    'A 
NKW  CIVIL  AND  M1NIN(4   KNdlNKKKS'  TH.XNSlT- 

TiiKoDoLiTi:,  i:tc."* 

Mr.  S.  .1.  PoLLirzKR  (Sydney,  New  South  \\*ab»s)  wrote  that 
Mr.  lloskold's  new  transit-instrument  was  ctMtainly  a  m«>st  e\<el- 
lent  idea,  very  carefully  designed,  and  h(»  tleserved  irreat  crtslit 
for  it.  Mr.  HoskoM  providetl  his  eye-piece  with  a  diaphragm  tor 
the  purpose  of  measuring  distances,  and  thi^  w;js  the  very  be>t 
thing  that  he  conhl  have  dnnt* :  he  adjusted  lii*^  in>trument  <»u  the 
top  ot  a  traversiirj-staml  with  various  adju*»ting  Miews,  until  his 
vertical  spi<ler-line  wouM  exactly  bisect  the  twu  liirhted  p<»ints 
nn  the  Ntrained  c<»j»p(»r-wire  at  tht»  bottom  ot  the  ^Initt.  Here 
wa>  the  *»;imc  identical  omiN>ion  a^  that  ni;Hle  in  Mr.  ThompMin'^ 
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pai)tM\  with  the  diil^orenco  that  it  was  inon»  siM-ious  in  the  instru- 
iiUMit,  because  it  was  piovichMl  with  a  (liajihra^in  wliicli  was  not 
used  :  moreover,  as  explained  hy  Mr.  Iloskohl,  it  couhl  not  be  used. 
To  make  appropriate  use  of  tlie  diaplirajufm,  the  operation  ou^^ht 
to  be  augmented  by  shitting,  afterwards,  tlie  two  lifjfhts,  along 
the  stretched  copper- wire  forward  or  backward  until  each  wa8 
also  bisected  by  the  horizontal  lines  of  the  diaphrajrm.  Could  Mr. 
Hoskold  say,  supposin>^a  depth  of  -^OOO  feet  wa^s  observ(»d,  that  the 
two  horizcmtal  lines  of  the  diaphragm  would  bisect  two  points 
within  tlie  narrow  limits  of  the  shaft!''  or,  were  there  different 
diaphragms  attaches!  to  the  instrument  for  observing  at  dii^'erent 
depths?  The  rack-and-pinion  movement  of  the  telescope  to 
obviate  the  use  of  higli  Y  standards,  on  ac(»ount  of  vibration,  was 
rather  too  delicate  to  avoid  e<'centricity  of  the  telescope,  since 
the  possible  vibration  of  a  couple  of  inches  of  the  higher  Y  was 
more  imaginary  than  real.  Another  important  matter,  which 
Mr.  Hoskold  did  not  explain,  was : —When  using  the  themlolite 
for  ordinary  surveying,  how  was  the  instrument  centred  over  a 
point,  with  a  cylindrical  hole,  1  inch  in  diameter,  in  its  centred 
Doubtless  lie  had  something  to  fill  it,  provided  with  a  hook  for 
the  plumb-bob. 

Tliere  is  an  inherent  defect  in  the  principle  of  the  construc- 
tion of  theodolites  in  general,  which  ought  to  be  remedied.  That 
is,  wiien  an  instrument  had  been  carefully  centretl  and  levelle<l, 
the  survej'or  thought  that  the  vertical  axis  of  the  instrument  was 
the  mathematical  pndongation  of  the  plumb-line.  This,  how- 
ever, was  not  always  the  c^ase,  especially  when  working  in  hilly 
country,  where  the  parallelism  of  the  two  parallel  plates  could 
not  always  be  maintained;  the  upper  plate  naturally  was  always 
horizontal,  but  not  the  lower  ;  and  it  often  happened  that  the  two 
plates  were  J  inch  more  apart  on  one  side  than  on  the  diametric- 
JiU}'  opiK)site  side,  and  the  hook  for  the  plumb-bob  was  fixed  to 
the  lower  plate,  which  was  not  level,  throwing  it  out  thereb^^  from 
the  vertical  axis  of  the  instrument  by  an  eccentricity,  X  ^y/  sin  a  ; 
consequently,  the  two  plates  should  be  as  much  as  possible  parallel 
and  in  an  horizontal  |)osition,  and  the  distance  between  the  hook- 
eye  and  the  centre  of  the  ball-and-socket  motion  should  be  as  little 
as  possible.  Ikit  with  the  existing  system  of  instruments,  the 
latter  could  not  be  much  reduced,  so  there  is  room  for  improve- 
juent  in  the  mode  of  fixing  the  ho(dv. 

In  his  opinion,  however,  Mr.  Hoskold's  new  instrument  was 
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really  a  most  siiporior  invoiition  for  the  pur])ose  of  surveying^ 
vertical  shafts:  but  in  shafts  on  the  underlay  it  would  be  out  of 
place,  without  additional  improvements  for  that  puqwse. 

Mr.  H.  I).  HosKOLj)  (Buenos  Aires)  wrote  that  it  was  intended 
that  his  paper  upon  his  new  transit-theodolite  should  be  written  a^^ 
eoncisely  as  possible,  leaving  s(mie  minor  points  to  be  inferred. 
It  was  gratifyinjr,  as  also  interesting,  to  find  that  Mr.  S.  J.  Pollitzer 
(Sydney,  Now  South  Wah's)  had  appreciated  and  kindly  expressed 
a  favourabh*  opinion  uptju  the  new  instrument  in  question,  and 
the  writer  desired  to  thank  him  f<»r  his  aftenti(m. 

In  reference  to  the  (|uesti(m  as  to  what  depth  a  short  base- 
line may  lu*  (d)served  from  the  top  of  a  shaft,  it  may  be  stated 
that  the  hole  in  the  vertical  axis  of  the  instrument  is  sufhciently 
large  to  enable  an  observer  to  take  a  vertical  angle  through  it 
up  to  .{  (h»grees,  (»r  1  degree  -U)  minutes  each  way  from  the  j)er- 
pendicular  line.  It.  therefore,  two  illuminated  marks  were 
placej],  IV?  feet  apart,  at  the  lK)ttom  of  a  shaft,  they  could  be 
bisected  with  the  v<»rtical  spider-line  in  the  focus  of  the  telesco|H». 
undtM-  the  abov(»-namcd  angle,  at  a  depth  (»f  '22U  feet:  and,  for 
the  same  length  of  base-line,  under  a  diminishing  vertical  angle, 
to  any  depth  within  the  power  of  the  tele>c(>pe.  If  the  l)ase- 
lin«»  between  the  two  illuminate<l  marks  were  to  Ih>»  diminishe<1 
to  >uit  tln^  narrow  conditions  of  a  shaft  to,  >ay,  U  feet,  then  the 
minimum  distance  or  depth  would  be  diminished  to  about 
171  tect  :  and  t<»  Im'  continued  in  <lepth,  atM-oriling  to  the  i)rin«i])le 
cited  in  the  toinici-  casr.  Kor  a  depth  ol  -LIMMI  teet  and  .similar 
length  <»f  ba>e-lin(».  the  angle  subtended  between  the  illuminatnl 
Uiarks  wnuM  be  veiy  >mall,  still  the  bisection  wouhl  be  ;t> 
[MM  tect  a>  at  lesstM  depths,  with  a  jndb;ible  ditlerence  that  it  Uiay 
1k>  convenient  to  increase  the  illuminating  pnwtM  with  tlu>  depth. 
There  is  nn  nmre  ditVerenee  or  ditticulty  in  sighting  two  points 
at  the  bottom  nf  a  shatt  a  given  distane(>  ;i])in-t,  than  there  W(»uld 
be  in  lighting  to  two  points  phictMl  ;in  ei|n:il  distance  apart  on  an 
upright  illuniin;it(Ml  p<ile  at  night  U))on  tin*  surface,  with(»ut  the 
nefi»s^ity  of  reiiuiiing  the  ai<l  of  different  <liaj»hr;ignis. 

The  sorket,  or  sh»ev(»,  forming  part  ol  tin*  horizontal  axis.  is. 
as  ulr(»ady  noted  in  his  p;i|H»r.  niaih*  sultieienil.x  lomr  to  provide 
for  a  snHHith  undeviating  longitudinal  motion  when  the  middle 
pait  of  the  telesc(»|M'  slidi»s  in  it.  This  p;iit  of  the  telescope- 
tube,  as  also  the  wlioh\  is  turned  as  niatheniaticallv  correct,   in 
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refereiire  to  its  optical  axis,  as  iiiechanical  art  could  make  it. 
conswiuently  there  is  no  more  **  eccentricity  "  in  it,  tlian  there 
is  iu  the  verti(?al  axis  upon  which  so  much  art  is  expended  to 
render  it  as  free  from  eccentricity  as  is  possible.  In  very  lar^e^ 
surveying  instruments  this  is  rif^idly  tested  by  the  readings  of 
throe  equidistant  verniers.  It  must  fui-ther  be  observed  that  the 
telescope  does  not  revolve  vertically  in  the  socket  or  alnmt  its 
optical  axis,  but  is  only  moved  forward  or  backward  by  its  nick-^ 
aud-pinion  screw.  The  proof  of  accuracy  in  this  moticm  is  to 
focus  the  telescope  upon  a  fine  distant  object,  giving  motion  to  the 
telescope  in  its  sleeve,  and  obs(Mving  whether  the  vertical  spider- 
line  continues  in  contact  with  the  distant  object.  After  various 
rigid  trials,  it  was  found  that  no  deviation  whatever  existed. 

To  aid  in  placing  the  instrument  over  a  fine  station-point, 
the  usual  hook  for  suspending:  the  plumb-line  is  screwed  into  a 
metal  plug,  which  also,  in  its  turn,  is  screwed  into  the  bottom 
of  the  hole  of  the  axis. 

The  instrument  is  not  mounted  upon  parallel  plates,  but  upon 
a  triangular  levelling  base-frame  carrying  three  levelling-screws 
^hich  are  locked  into  another  triangular  frame  which  is  screwed 
upon  the  tripod-head.  I'pcm  this  latter  levelling-trame,  a  low 
traversing-plate  with  a  circular  clamp  is  mounted,  forming  the- 
central  part  of  it,  by  the  aid  of  which  the  theodolite,  with  the  hook 
and  suspended  phimb-line,  is  made  to  traverse  a  given  distance 
from  the  centre,  so  that  every  facility  is  aft'orded  for  centring 
over  a  fine  station-mark. 

The  common  tripod-stand  employed  in  all  surveys,  except 
K-hen  sighting  down  a  shaft,  is  what  is  termed  an  open  one, 
with  a  large  hole  cut  in  the  table-plate  of  the  head,  and  inside^ 
the  upward  projecting  male-screw  to  which  the  triangular  level- 
ling-frame  is  screwed.  Consequently,  when  the  instrument  is 
centred  over  a  station,  the  fine  point  of  the  suspended  metal-bob, 
the  plumb-line,  and  the  centre  of  the  vertical  axis  ot  the  instru- 
ment, are  all  in  the  same  vertical  plane.  The  common  defects 
inherent  in  ordinary  constructed  instruments  referred  to  b\'  Mr. 
Pollitzer  are,  therefore,  eliminated  altogether. 

In  levelling  ordinary  surveying-instruments  with  parallel 
plates  and  four  ccmjugate  screws,  a  strain  is  put  upon  the  vertical 
axis,  and  this  strain  is  auc:mented  when  there  are  high  and  heavy 
Ys,  a  proportionate  long  telescope,  vertical  circle  and  other 
appendages,  all  of  which  render  such   an   instrument  too  top- 
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heavy  and  awkward,  and  cortainly  liable  to  vibration  ia  windy 
and  mountainous  ref?ions.  The  tendency  of  eacdi  pair  of  levelling- 
serews,  between  the  parallel  plates,  is  to  pnxluee  opposing:  and 
straining  forces  witli  a  corresponding  expansion  of  the  weaker 
parts  of  the  metal  forming  the  small  diameter  of  the  screws, 
with  a  resulting  proportionate  derangement  o{  the  spirit-bubbles 
after  the  instrument  has  l>een  levelled :  besides,  as  Mr.  Pollitzer 
observes,  other  defects  api:)ear  when  working  in  '*  hilly  country." 
Any  retouchinjr  of  the  screws,  for  fine  levelling,  must  be  done 
with  the  two  hands,  for  the  screws  freciuently  are  jammed,  and 
difficult  to  move  when  the  levelling-plates  are  displaced  from 
their  parallelism;  but  considering  that  when  a  triangular  level- 
ling-frame  and  three  screws  are  useil,  such  difticulties  cannot 
exist,  because  each  screw  is  independent  of  the  other,  and  after 
the  first  levelling,  if  any  small  displacement  of  the  spirit-bubbles 
occurs,  it  can  be  readjusted  by  turning  (me  of  the  screws.  For 
constant  liilly  work,  a  tripod  with  sliding  legs  would  be  most  con- 
venient, one  of  which  may  be  shortened  to  suit  the  inclination  of 
the  mountain-side  and  so  facilitate  the  setting  up  and  levelling. 

Additional  facility  is  provided  for  centring  the  writer'3 
instrument  over  fine  station-points,  and  this  is  effected  by  placing 
the  telescope  to  look  towards  the  nadir,  setting  it  up  level 
over  the  station,  and  then,  by  the  centring  apparatus,  bringing 
the  cross  of  the  spider-lines  to  bisect  the  fine  point  in  the  station; 
but,  for  this  object,  a  suitable  additional  eye-piere  must  be  pro- 
vided, etc. 

Mr.  P(»llit/er  thinks  that  the  instrument  under  discussion 
could  not  be  a])i)lied  "  in  shafts  on  the  underlay,"  l>ecause  the 
lowness  of  the  Ys  does  not  permit  of  observing  large  depresseil 
angles:  but  tliis  apparent  difficulty  is  overcome  by  slipping  over 
the  objective  (»nd  of  the  telescope  a  properly  prepared  metallic 
tube,  similar  to  but  longer  than  an  ordinary  sunshade,  the  outer 
end  of  which  is  closed,  with  an  opening  cut  in  the  under-side  large 
enough  to  admit  ra\'s  r)f  light,  which  would  strike  against  a  large 
reflector  or  glass-prism  placed  in  the  tube  opposite  to  the  open- 
ing and  at  an  angle  of  45  degrees.  If,  therefore,  an  electric 
lamp  or  some  other  illuminated  p(nnt  were  to  be  placed  at  the 
bottom  of  the  underground  incline,  or  under-lay  shaft,  and  the 
telescope  brought  into  that  direct i(m,  and  sufficiently  elevated 
for  the  reflector  to  receive  the  rays  of  light  from  the  lamp,  these 
would  be  leflected  to  the  focus  of  the  telescope,  and  bisected  by 
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the  vertical  spidcM-line,  and  tin*  operation  would  be  eiteeted  as 
^ftifiently  as  it  would  be  it  observed  ilirectly  through  the  telescope. 
This  reHectinpr  apparatus  or  altacliment  is  termed  the  "  compli- 
nientary-anjfle  measurer."  Any  surface-line  may  be  connected 
ill  this  manner  to  the  line  passing?  throujrh  the  underlay  shaft, 
under  any  (h'presseil  an^le  down  to  the  perpendicular.  When 
obsemnK  ^^  illuminated  point  as  above  d(»scrib(Ml,  the  an^le  of 
depression  is  easily  determined  by  employing  the  reading  on  the 
Vertical  circle,  as  one  of  the  el<Mnents  :  thai  is,  the  an>?le  thus 
obtained  is  measured  from  the  ixM-pendicular  line,  conseciuently 
it  becomes  the  complement  of  the  anprle  re(|uired,  or  that  formed 
l)et\veen  the  horizontal  and  the  underlay  shaft-line.  Evidently 
Hr.  PnlHtzer  is  labouring?  under  the  impression  that  he  (Mi*.  Hos- 
kol(|>  intended  his  new  transit-theodfdite,  under  noti<'e,  to  be 
used  in  narrow,  low,  zi^-zaj?  in(dined  roads  in  mines:  but  cou- 
^idering  that  the  larprest  form  of  the  instrument  is  constructed 
«^ith  tJ  inches  divided  circles,  a  hm^  and  powerful  telescope,  it 
is  more  particularly  a<lapted  for  extensive  land-surveyinjir  opera- 
tions, as  also  in  lar^e  mine-headings,  railway  and  other  tunnels, 
ami  in  making  a  connection  between  underground  and  surface 
surveys.  However,  the  smaller  sizes,  with  4h  and  5  imdies  circles, 
mounted  upon  low  tripod-stands,  are  well-suited  for  general  uikler- 
ground-surveys,  and  nmy  be  so  employed  with  the  greatest  facility 
and  etticieucy.  In  all  such  cases,  the  greatest  si)eed  and  accuracy 
would  be  obtained  by  the  use  of  three  interchangeable  triix)d- 
stands,  with  suitable  lamps. 

The  small  apparatus  attached  to  the  e3'e-piece  for  measuring 
<'istances  consists  of  a  micrometer  with  divided  cinde,  and  not 
'»^  simple  diaphragm  with  stadia  spider-lines  fixed  upon  it  as  Mr. 
Pollitzer  thinks.  This  micrometer  can  be  made  to  read  very 
fiuo  angles  down  to  either  1  or  2  seconds  of  arc,  consecjuentl^'  dis- 
stances  can  be  determined  with  great  facility  and  accuracy  by 
the  rule  ulreadj'  given  in  the  writer's  paper  published  in  the 
Transactions* 

He  (Mr.  Hoskold)  had  already  explained  that  he  had  designed 
a  special  traversing-stand,t  upon  which  the  new  instrument  is 
mounted  when  a  pen)endicular  sight  is  taken  down  a  shaft.  This 
jjtand  has  been  completed,  and  it  is  proposed  soon  t()  give,  in  the 
Transactions^  a  short  notice  of  its  use. 

•  7>i//y.  IhMf.  M.E.,  1S09,  vol.  xix.,  page'JtJS.     +  /'m/.,  1<K)I,  vol.  xxii.,  page 550. 


(Stuttgsir 
^reni  interes^t.  Mi%  Ihuiljiir  D.  Sf-ntt's  piipt^r  on  sui 
inients.     In  the  tli^si-iiptinii   nf  the  oripiitriHfm'in 
hiul   been    ii^jiiuned   thut   in    every  metisureiuent 

*  *"tioual    objective    mis 
must  be  employed  .J     Thi^ 
would    cc^rtaiDh'    be    awlc* 
ward  and  take   time,  andj 
might  lead  to  a  detunge- 
meut  of  the  line  of  colli- 
rnation.     He  theref^^rt^  ap*l 
|>eijdef  1  an  exact  descript  ioa 
of  I  ho  mode  of  use  of  the 
instrument.    The  orienta- 
tion iustrument,  shown  m 
Fig.     1,    is    specially    dis- 
tinguished     from      other 
types  of  iuBtrunitfUts  witk 
a    declination-needle,    by 
the     fact    that    the    coin-^ 
cidenct!  of  the  north-souih 
lines    with     the     axis    of 
colliniation  can  be  directlj' 
tested  from  time  to  time 
by  means  of  the  telescope  J 
and    this     constiiutes    ittl 
special  feature.     The  caie] 
of  the  compass-needle  restj 
upon  a  support  that  can 
adjutsted  in  all  directions,  and  the  former  can  be  readily  removed  in 
order  to  rieau  the  magnetic  needle.     By  a  suitable  device,  it  it 
sccurwl  ill  an  exactly  fnn^  roncentrie  anfl  diametral  position  after^ 
beinj?  replaced.     The  magnetic  needle  is  i\\s*i  arran)fed  fiu"  reveih- 
in^.     According  to  the  size  of  the  instrument,  the  needle  ha^  a.^ 

*  7m/M.  In^t.  Jf.jy.,  1902,  vol.  xsjiii.,  pjLg^  575. 

t  IbifL,  1802,  vi)L  xjtiiL,  puge  598. 

I  This  i»,  Lowever^  by  tiu  nieftns  neoe&SAry. 
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length  of  0  to  8  inches  (15  to  20  cent iiiiet res),  the  diameter  of  the 
limb  of  the  horizontal  circle  being  always  equal  to  the  length  of 
the  compass-needle.  This  needle  is  beam-shaped,  and  at  both 
ends  fine  lines  are  enirraved  on  it  (Fig.  2)  by  means  of  a  diamond. 
The  cap  consists  of  a  highly-polished  garnet  or  ruby.  I'he  remov- 
able front  lens  is  only  employed  for  the  adjustment  of  the  com- 
pass-needle; and  during  other  observations  it  is  not  used,  but 
remains  in  the  box. 

After  the  instrument  has  been  adjusted,  measurements  are 
made  ns  follows: — The  zero  of  the  vernier  is  first  sot  to  the  zero 
of  the  horizontal  limb:  then  the  body-piece  of  the  instrument 
is  turned  until  the  magnetic  needle  swings  freely ;  by  means  of 
a  hand-lens  the  needle  is  then 
set  in  the  magnetic  meridian  by         r^ 


^ 


1 


<aiusing  the  tine  line,  <i,  of  the 
majrnetic  needle  to  coincide  exactly 
with  an  equally  fine  line,  b,  en- 
graved on  the  side  of  the  compass- 
box  (Fig.  2).  The  line,  6,  is 
brought  into  coincidence  with  the 

axis  of  collimation,  when  the  instrument  is  beinu:  adjusted  by 
means  of  screws,  c  and  </.* 

Measurements  are  performed  with  this  instrument  with  great 

rapidity  and  accuracy.     Tt  is  only  necessary  t^  bring  the  lines 

fl  and  b  (Fig.  2)  into  coin(M<lence  in  order  to  be  sure  that  the  line 

of  collimation  of  the  telescope  shall  lie  exactly  in  the  magnetic 

meridian.     Instniments  of  this  type  are  made  as  may  be  desired 

with  or  without  vertical  circles.     Fig.  1  shows  the  instrument 

with  a  vertical  circle,  this  latter  having  covered  divisions.     The 

second   removable  and  easily  adjustable   eccentric  telescope  is 

employed    especially   for  zenith-    and   nadir-observations.       For 

illumination  at  night,  a  lamp  is  placed  at  one  side,  which  throws 

light,  through  the  perforated  trunnion  of  the  telescope,  upon  a 

very  small  mirror,  008  inch  (2  millimetres)  in  diameter,   and 

thence  it  is  reflected  into  the  field  of  view,  so  that  even  by  night 

the  cross-wires  of  the  eye-piece  appear  dark  black  on  a  bright 

ground. 

*  As  with  other  infttruments,  all  the  angles  are  reduced  to  magnetic  north 
or  zero,  but  it  can  be  effected  much  more  exactly  with  this  than  with  otlier  tyi>e8 
•of  instrument*. 


154  DlSCrSMOX — MIXK-SIRVEYIXG    IXSTUUMEXTS. 

Prof.  H.  Louis  (Xewoastle-upon-Tyiie)  ventured  to  tliiiik  tho*.^ 
Mr.  Scott  liad  failed  to  do  justice  to  the  real  merits  of  the  threp^ 
trijiod  system  of  siirveyiuf?,  wliich   is  larirely  practised  iu  thE 
country   and   especially   in   coal-mine   surveys.        Three   trixK>A- 
exactly  similar  are  used,  the  middle  one  carryinjj:  always  the  dif^K 
or  theodolite,  while  the  first  and  last   carry  signals  (which  i  :■ 
fiery  collieries  are  of  course  safety-lamps).       AVhen.  the  baefc:- 
siglit  has  been  laken,  the  last  tripod  is  moved  forward  by  a  xi 
assistant  and  levelled  approximately,  and  the  instrument  is  then 
removed  to  the  tripod,  which  is  now  in  the  middle,  the  lamp  (ur 
what  was  the  fore-sight  in  tlie  previous  sight)  being  brought  back- 
to  give  the  next  back-sight,  and  so  on.     By  this  mode  of  working 
the  rate  of  surveying  is  quite  doubled,  which  is  a  very  important 
consideration  in  a  busy  pit  working  at  high  pressure,  and  the 
work  is  at  least  as  accurate  and  probably  more  accurate  than  it 
is  when  only  one  tripod  is  used.       He  (Prof.  Louis)  did  not  quite 
undeistand  whether  Mr.  Scott's  sentence,  "  the  essential  advantage 
of  the  system  leaves  no  permanent  points  for  future  reference,"'* 
was  intended  to  be  laudatory  or  condemnatory  of  the  three-tripod 
system  ;  in  his  (Prof.  Louis's)  opinion  it  was  one  of  the  decided 
advantages  of  this  method  that  it  enabled  stations  to  be  sighted 
with  the  utmost   accuracy  without  re<iuiring  permanent  marks 
to  be  put  ill  at  each  station,  as  he  was  o])posed  to  the  multiplication 
of  such   ])crmanent  marks,  which  only  Itnl  to  confusion,  unless 
tlH»y  wci'c  restricted  to  points  where  they  would  be  required  subse- 
quent K'  for  the  starting  or  closing-points  of  branch-traverses. 
If  a  check-traverse  has  to  be  made  at  any  future  time  along  the 
same  roadways,  it  is  rather  an  advantage  that  the  second  traverse 
will  cinpl(»y  intermediate  stations  different  from  the  first  one. 

AVith  regard  to  Mr.  Scott's  remark  that  the  rack-and-pinion 
was  in  use  for  both  limbs  of  a  theodolite  down  to  the  end  of  the 
eidit(»en<h  century.t  it  might  be  interesting  to  record  that  the  first 
tlieo(l(dite  owned  by  Prof.  Louis  was  a  London-made  plain  the- 
odolite, made,  apparently,  subsequent  to  1850,  in  which  both  the 
horizontal  limb  and  the  vertical  semicircle  Avere  worked  by  rack- 
and-pinion,  although  the  bodypiece  was  fitted  with  the  nsua* 
clamp  and  taii.irent-s(  icw. 

*    Ti'dii.".  fh.^f.  M.H..  190*2,  vol.  xxiii.,  page  r>UO 
t  //'/'/.,  page  r)0.'). 
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He  (Prof.  Louis)  quite  eiulorseMl  Mr.  Scott's  coiHlf^iiiiration  of 
iuajarnetic-uee<lle  survevinjr  as  only  "  a[)])li('al)Io  to  the  njost 
ordinary  kinds  oi  work,"*  and  utterly  failed  to  see  what  advantujre 
could  be  hoped  for  from  sueh  an  elaborate  instrument  as  the 
Tesdorpf-Breitliaupt  orientation  instrument.  What  was  tlie  use 
of  reading  the  position  of  a  majurnetie  needle  to  20  seconds,  when 
its  diurnal  variation  might  excwd  tS  minutes?  This  was  surely 
an  afpectation  of  accuracy  that  could  serve  no  practical  purpose. 
It  ought  to  be  clearly  understood  that  the  use  of  the  majrnetic 
needle  should  be  restricted  to  filling  in  details  of  surveys,  and  to 
any  other  survey- work  in  which  errors  up  to  a  quarter  of  a  degree 
mijrht  be  disregarded.  Even  for  such  work,  it  is  probable  that 
the  plane-table  deserves  i)reference  over  the  miner's  dial,  as  the 
former  instrument  is  (|uite  as  rapid  and  quite  as  accurate  as  the 
latter,  and  avoids  the  risk  of  serious  eiror  due  to  some  unknown 
disturbing  magnetic  influence. 

He  (Prof.  Louis)  would  be  glad  U\  know  what  advantage,  if  any. 
3Ir.  Scott  considered  the  Brunton  hand-compass  to  possess  over 
the  prismatic  compass :  there  are  several  types  of  combined 
prismatic  compass  and  clinometer  that  appear  to  do  everything 
that  the  JJrunton  compass  does,  at  least  as  well  as  that  instru- 
ment. He  (Prof.  Louis)  had  tried  to  use  the  Brunton  coin])ass,  but 
found  that  its  range  in  taking  bearin»rs  in  hilly  districts  appeared 
t<J  be  so  limited,  that  he  had  given  it  up. 

Fiuallj',  he  (Prof.  Louis)  was  sorry  to  see  that  Mr.  Scott  used 
the  word  *'  tachymeter  "  instead  of  **  tacheometer  "  ;  he  venhired 
to  think  that  the  latter  form  had  the  sanction  of  i)ri(»rity  as  well 
asperliaps  being  the  more  correct  etymolojirically. 

ifr.  H.  1).  HosKOLi)  (Buenos  Aires)  wrote  that  as  he  had  already 
written  three  papers  upon  a  similar  subject,  provoked  by  ilr. 
Scott's  paper  on  *'  The  Kvcdution  of  Mine-surveying  Instru- 
ments/' those  of  others,  and  resulting  discussirnis,'!'  he  thought 
that  the  subject-matter  had  been  so  far  treated  as  to  leave  but 
little  or  no  room  or  necessity  for  going  over  the  ground  again, 
and  introducing  the  same  subject  in  a  new  form  in  other  places. 

*■  y'/uiiM,  IiiMt.  M.K.y  190:2,  vol.  xxiii.,  jiuge  r)98. 

+  TirtHMactioui*  of  th*  Ani*nran  IiiMfi/tif*  o/'  Minh^'i  Hmihmrs,  189S,  vol. 
xxviii.,  page  679  ;  1809.  vol.  xxix.,  page  931  :  19"0,  vol.  xxx.,  i)ages  783  and  S03 ;. 
and  1901,  vol.  xxxi.,  pages  '25.  oO,  710,  884  and  921. 
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It  was,  however,  evident  that  Mr.  Scott  ooiisidercMl  the  matter 
from  another  stantl-point,  and  he  was  to  be  highly  commended 
for  his  researclies  into  the  dusty  records  of  the  past,  and  in  bring- 
ing forward  in  his  American  and  British  papers  the  results  of  his 
hibours.  His  American  paper  received  a  considerable  amount 
of  attention  from  various  professional  veterans,  whose  independ- 
ent papers  and  discussions  exhibited  their  appreciation  of  the 
great  value  and  importance  of  mine-sun-eying.  It  was,  there- 
fore, to  be  hoped  that  his  British  paper,  whicli  wa**  now  under 
discussion,  would  receive  ecjual  attention  from  liritish  mining- 
engineers,  ami,  in  that  sense,  he  (Mr.  Hoskold)  was  pleased  io 
make  an  initiatory  movement. 

In  taking  a  retrospective  view  of  the  labour  of  scmie  few  of  the 
old  Knjrlish  pioneers  in  science  and  inventions,  upon  whose 
achievements  in  the  advancement  of  the  sciences,  engineering  and 
snrveyftig  aits,  the  world  had  so  much  to  depend,  he  (Mr.  Iloskold) 
desired  it  to  be  understood  that  he  was  far  from  bein^  prejudiced, 
and  had  no  desiro  or  object  to  detract  from  the  merits  of 
forei^Miers  ;  but,  at  the  same  time,  he  believed  that  it  would  not  bo 
out  of  ])Iace  to  show  in  a  legitimate  manner  that  the  British 
nation  had  been  foremost  in  intnMluciiiir  refined  inventions  and 
improvements  in  surveying-instrum(»nts  and  in  devising  means 
for  more  exact  work  an<l  progress  in  iho  art  of  surveying.  And, 
although  this  might  appear  somewhat  anomalous,  still,  in  order 
to  do  it  in  an  effective  manner  and  make  a  fair  comparison,  it  had 
been  necessary  to  refer  to  lioth  ancii»nt  re<'ords  and  more  rerent 
<locnments. 

Till*  tablets,  or  tile-library,  <liscoverfd  by  Layard  and  others, 
and  now  depusitiMl  in  the  British  Museum.  London.  atVoid  abun- 
dant evidi»nce,  of  a  positive  nature,  that  tin*  **  estates  near  to  the 
riv(Ms  and  canals,  and  round  about  th(*  cities  (»f  sinithern  Babylon, 
wvvv  systematic-ally  surveyt'd  some*  *J.40t)yt»ar<  it.t ."  (.'onseijuently, 
it  is  t!»  be  inferred  that  divided  circular  asti-oIabe<  were  not  only 
used  in  astronomical  observations,  1)ut  must  li:ivo  been  a])])lied  to 
laiiil-surveying,  and.  pioliably,  also,  to  mine-surv«'ying,  and  that, 
at  intiMvals,  during  a  loni:  juM-iod  ol'  time,  the  art  was  forgotten, 
ncL'liMttMl,  oi-  hidden,  and  revived  from  time  to  time,  until  it  matle 
its  a])p(>ai'an(*c  in  Kurope. 

It    is  not.  tlnMclori*.  surprising  to  find  that   tlu*  planisphere. 
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^5oO  (Fi|r.  10),*  the  Diggps  theurhilitiLs,  15Tl,t  the  Dutch  circle         ^^ 

with  six   plain  sights,   l^r:iU'lii25,t   the    FiTiich    wt^oden    cirele,               W 

1G92J  anr]  others  which  lie  eould  meutioat  are  all  of  the  same              M 

type- class.                                                                                                       ^^H 

No  doubt  the  Diggea  thcfMlolitua  le<l  to  the  coiistructinu  of  hi§        ^^^B 

topagraphical    instrument   with    vertical    seiui -circle    and    phun               H 

lighteJI  and  tt  was  doubtless  the  orif^inal  type  from  which  others             | 

m  were  afterwards  con- 

I 

I  structed      with      im* 

^ 

1 

I  provements,  aud    re- 

v\ 

1 

presented    in   Britaiii 

\\ 

■ 

to-day  by  ihe  plaiii  ifv 

^^^^s,*^'^^'^* 

■ 

43iadle- theodolite.     It 

^^^^^^^^^^^-^tl 

would  be  ditficidt  tn 

0^             ^0^""^^^          rt 

deKae  tlie  date  tjf  each 

^h^  ..^^.^^^''^'^^Mx         la 

successive      itnprave- 

V^^r"-"^    /IN        M 

nient,     and>      conse- 

1^       1  m  }    j^ 

queatly,    there    is    a 

^^^ilO^^^ 

gftp  in  the  record  iVoai 

^ -"^W^HiS^?!!*!*^ 

■  the  time  of  Thomas 
'       Digges,  1571,  til  that 

Xljn  VI  n^^'^^ri 

y 

of  the  grand  old  tirrn 

->  Yf^    ^^ 

of  the  Si^ODH,  wliose 

«imous        theodolite, 

r  1 

^    *ilb     telescope,    was 

1  1 

■  intrcKiuced    sometime 

f^^""^^^"^^ 

I  prior  t^  1723.     How- 

^^TT^^^ 

■   ever.he(Mr.  Huskold) 

A^    i^Tli^^^, 

believed  that  the  in- 

/  V  jiE\\\ 

t-enncdiate        period, 
Inferred      to      above, 

/  /  /■  \  \\ 

1       ^ftR    representefl     by           Ft«,  L  -ENCLiaii  Theodolite,  1632  to  1635. 

H  the  instrument  illuH- 

^^^ted  by  Fig.    1,    im   example  of  which    is   still    preserved   in 

^Bb  Conservatoire  National  des  Arts  et  Metiers  in  Paris,  and  is 

rpport^d  by  the  authorities  of  that  establishment  to  be  of  English 

•  TmtiJt.  hvi.  M.E.,  1902,  vol.  %%m.,  page  584. 

+  md.,  IWJD.  vol.  xix.,  pflge  182. 

t  R^htrthts  mr  le^  imtmntftit^,  etc,,  by  CoL  A.  Latwa'^dftt,  Purii.  pAge  67- 

k           ^  n^ul.  page  84, 

H           |]  Trttm.  In^t.  M^El,  1902,  voL  itxiiL,  page  591. 

^M                TOU  LIIL-l«»l«B                                                                                                                                                *^ 
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const  mot  ion.     A  vernier  is  attached  to  the  semi-circle  of  that  in.— 
stniment,  and  it  has  plain  sights:  but  the  name  of  the  maker  5. s 
not  known.     The  vernier,  however,  affords  evidence  that  it  conL  W 
not  have  been  constructed  before  1631 ;  but  it  is  probable  that  fk  nn 
approximate  date  for  the  construction  of  this  instrument  would  t^^e 
about  1082-1(I'35.       The  ori-ginal  theodolite  of  Sisson  had  be^  oi 
illustrated  and  described  in  his  (Mr.  Hoskold's)  third  America  "a 
paper,*  and  the  description  was  now  repeated  by  Mr.  Scott.t     Th  i» 
instiiiment  was  introduced  some  time  prior  to  1723.     Afterwards, 
Sisson  greatly  improved  it,  and  in  the  hands  of  successive  maker* 
it  assumed  the  form  now  known  as  the  English  cradle-theodolite. 
Other  instruments  of  a  superior  type  will  be  referred  to  in  this 
discussion. 

When  referring  to  telescopes  and  telescopic  sights,  that  is, 
placing  lines  in  the  focus,  Mr.  B.  S.  Lyman,  of  Philadelphia,  in 
his  well-dige^sted  paper,  or  discussion  of  Mr.  Scott's  paper  on 
**  The  Evolution  of  Mine-surveying  Instruments,  J  stated  that 
**  3'oung  (jascoigne  ....  was  the  leader,  and,  already  by  1640,  he 
used  for  the  pui-pose  a  hair  or  thread  at  the  focus.  It  was  even 
claimed  in  107')  that  he  [Gascoigne]  had  been  the  first  to  use  a 
telesc()])e  of  two  convex  lenses.  At  any  rate,  he  was  evidently  the 
first  to  use  telescopic-sights. "jj  He  (Mr.  Hoskold)  also  proved  in 
his  second  American  paperJI  and  in  his  reply  to  the  discussion 
upon  his  **  Notes  upon  Ancient  and  Modern  Surveying,  and  Sur- 
veying-instruments,'' etc.,  that  Gascoigne  was  the  first  to  invent 
•and  apply  an  instrument  for  finding  distances  probably  before, 
or  at  least,  "  between  1()3<S  and  lf)43  ;  "^  and  referring  to  the  same 
subject,  Mr.  Lyman  stated  that  "  twenty  years  later  it  was  re- 
invented upon  the  Continent."** 

Whether  the  original  form  of  telescope  was  discovered  first, 
as  had  frequently  been  alleged,  by  Eoger  Bacon,  1290;  Porta, 
loOl:    Digges  prior  to  1570;    the  Dutch  in  1608;    or  Galileo  in 

*   TrauMirtions  of  the  Amtrican  InMitnte  o/Mimvg  A"?i</iM€er^,  1901,  vol.  xxxi., 
page  716. 

+  7Va/w.  Insf.  M.E.,  1902,  vol.  xxiii. ,  page  593. 

+   Tmnsdctitms   of  tht  Amtrican  luHtitutt    of  Miniiuj  Enyineer^y   1898,  vol 
xxviii..  page  679. 

§  Ihhf.,  1900,  vol.  xxxi.,  page  79.  ||  Ihid.,  1900,  vol.  xxxi.,  page  25. 

\    Tnnis.  liiMt.  M.E.y  1901,  vol.  xxi.,  page  411. 

**    Trausiirfion^  of  th*    Anun'ran    Ith^tituti-   of  Minimj  EvyiuterM,   J 900,  vol. 
xxxi.,  pagt'  7H. 
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1609,  was  not  material  to  the  points  to  be  deduced  from  this  discus- 
sion, for  the  reason  that  Hall,  an  Englishman,  in  ITJi'J,  and  Dol- 
land,  prior  to  or  about  1758,  were  the  persons  who  originally 
iuvented,  constructed  and  practically  applied  achromatic  lenses 
to  the  telescope,  and  thus  perfected  and  brought  it  to  a  more  fit 
condition  to  be  attached  to  angular  measuring-instruments. 

Without  doubt,  the  climax  in  invention,  at  that  period,  calcu- 
lated to  perfect  geodetic  and  other  surveying  instruments,  was 
arrived  at  by  the  celebrated  Ramsden,  when  he  completed  his 
first  circular  dividing-engine  about  177'{  or  1774,  without  the 
use  of  which  the  other  prior  inventions  in  telescopes  would  have 
left  astronomical  and  sui-veying  instruments  in  the  same  con- 
dition in  which  they  were,  as  regards  the  method  of  dividing  the 
circle,  before  Ilamsden's  invention.  Ramsden  constructed  at  least 
four  dividing-engines,  one  of  which  was  received  at  the  Conserva- 
toire des  Arts  et  Metiers,  Paris,  in  1795.  A  second  is  preserved 
in  the  South  Kensington  Museum,  London,  and  two  others  of 
Ramsden's  make  are  still  in  excellent  condition,  and  constantly 
used  to  divide  circles  by  Mr.  Parsons,  a  London  divider  to  the 
trade.  One  of  the  last  is  reported  to  be  '"  one  of  the  finest  pieces- 
of  mechanism  that  the  world  ever  saw.''  The  circle  of  the  great 
•i()  inches  geodetic  theodolite  of  Ramsden,  1780  to  1783,  illustrated 
in  Fig.  5  of  his  (Mr.  Hoskold's)  paper,*  was  divided  by  his  engine,, 
and  so  perfectly  was  the  work  done  that  the  probable  error  of  a 
single  observation  of  a  fine  object  with  this  instrument  would 
not  amount  to  0*2  second  of  arc.  Ramsden  was  the  first  to- 
illuminate  the  cross-hairs  in  the  telescope  of  his  transit-instru- 
ment by  perforating  the  axis.  He  was  also  the  first  mathematical 
artist  to  apply  micrometrical  readings  to  the  divided  circle  of  his- 
great  theodolite  ;  and  Quekettt  ascribes  to  Ramsden  the  practical 
introduction  of  spider-lines  in  micrometers;  but,  according  to» 
the  opinion  of  some  persons,  Trough  ton  first  placed  such  lines  in 
the  focus  of  telescopes.  Fontana,  1755,  and  Rittenhouse,  probably 
about  1785,  have  also  been  mentioned  in  connection  with  this, 
invention.  Among  many  claimants,  with  interested  parties  to 
back  them  up,  it  was  difficult  to  determine  who  was  the  first  to* 
devise  and  introduce  certain  inventions. 

This  remark  applies  to  the  microscope,  and  it  is  stated  on  no* 

•   TraiM.  Imt.  M.E.,  1900,  vol.  xix.,  page  188. 

t  Encycloptdia  Britnvvicn^  1883,  vol.  xvi.,  page  243. 
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less  an  authority  than  Mr.  Lyman  that  **  Huygens'  investigations 
made  it  probable  that  it  [the  compound  microscope]  was  first 
invented  by  Drebel,  a  Dutchman,  in  London,  about  1620."* 

Since  Ramsden  published  an  account  of  his  dividing-engine  in 
1777,  foreign  makers  have  also  constructed  dividing-engines  upon 
the  same  principles.  The  one  in  the  Conservatoire  des  Arts  et 
Metiers,  Paris,  would,  doubtless,  have  afforded  the  details  for  the 
construction  of  others.  Previous  to  184f3,  the  late  Mr.  William 
Simms,  of  the  firm  of  Messrs.  Troughton  &  Simms,  constructed  a 
dividing-engine,  and  Mr.  William  F,  Stanley  stated  to  him  (Mr. 
Hoskold)  that  it  is  believed  to  be  the  best  in  London. 

The  circles  of  the  great  36  inches  geodetic  theodolite  con- 
structed by  Messrs.  Troughton  &  Simms  for  the  Indian  Trigono- 
metrical Survey,  and  illustrated  by  Fig.  6,t  were  divided  by  the 
Simms  dividing-engine,  and  after  a  rigorous  and  delicate  examina- 
tion  of  the  divisions  of  the  circles  had  been  made,  the  late  Col. 
Strange  (the  late  technical  examiner  of  Indian  geodetic  instru- 
ments) could  not  discover  1  second  of  arc  of  difference  between  the 
divisions.  The  original  dividing-engine  is  still  in  constant  use 
in  the  establishment  of  Messrs.  Troughton  &  Simms. 

A  careful  examination  of  his  (Mr.  Hoskold's)  paperj  will  show 
that  although  Snellius,  l(il5,  and  Picard,  about  1(]G9,  commenced 
surveying,  still,  it  does  not  appear  that  the  great  English  pioneer- 
ing surveyors,  Norwood,  lG3o,  and  General  Roy,  1747  to  1755, 
derived  any  instructive  principle  from  them,  and  if  Newton  had 
not  discovered  his  ever-memorable  principles,  whence  he  deduced 
the  true  figure  of  the  earth,  the  French  would  not  have  been 
incited  to  the  efforts  which  they  afterwards  exhibited.  It  is 
scarcely  necessarv^  to  mention  the  names  of  succeeding  English 
surveyors,  such  as  Mudge,  Dalby,  Colby,  Kater,  Lambton,  Everest, 
Walker  and  others,  in  order  to  prove  that  the  British  nation 
possessed  original  thinkers  capable  of  carrying  into  eltect  the 
application  of  scientific  principles  upon  which  depended  the  good 
results  of  the  pi-actical  work  that  they  all  carried  out,  without  de- 
riving anything  vital  from  the  scientists  of  neighbouring  nations. 

Coming  now  to  the  discussion  of  the  great  aid  that  surveyors 

♦   Trawsaction^t  of  the  Anuncan  Insfifnfe  of  Minimj   Kiujintars^    1901,    vol. 
xxxi.,  page  74. 

t   7Va«<.  Imt.  M.h:.,  1900,  vol.  xix.,  page  197. 
X  lhi(L,  1900,  vol.  xix.,  page  184. 
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<>f  all  classes  and  nations  have  received  in  the  reduction  of  their 
practical  operations  with  the  greatest  ease,  accuracy  and  facility, 
we  have  only  to  refer  to  the  great  mathematical  ingenuity  dis- 
played by  Baron  Napier,  who,  in  1614,  published  his  remarkable 
invention  of  logarithms.      His  book  contains  a  description  of  the 
nature  of   logarithms,    and' tables  of  natural   sines    and    their 
logarithms  to  every  minute  of  the  quadrant  and  to  seven  places 
of  decimals.      Briggs,  the  Savillian   professor  of  geometry   at 
Oxford,  followed,  in  1616,  with  a  table  of  logarithms.     Gunter, 
the  colleague  of  Briggs,  published,  in  1620,  the  first  calculation 
of  "Briggian  logarithms  of  trigonometrical   functions."     This 
book  was  called  Canon  Tnangulorum,  and  it  contained  logar- 
ithmic sines  and  tangents  for  every  minute  of  the  quadrant  to 
seven  places  of  decimals.     The  great  work  left  by  Briggs,  after- 
wards   published,    in    1638,    under    the    title    of    TrigonomHria 
Britannica,  was  the  climax  of  his  achievements,  and  contained 
tables  of  logarithmic  sines  to  14  places  of  decimals,  and  tangents 
to  10  places  of  decimals,  as  also  tables  of  natural  sines,  tangents 
and  secants.     The  productions  indicated  and  initiated  by  Napier, 
and  continued  by  Briggs,  placed  the  British  nation  in  an  independ- 
ent position  for  all  time,  so  far  as  facile  means  for  calculations 
were  concerned,  in  the  benefit  of  which  foreigners  partook  in 
a  high  degree.     Whether  Napier  derived  any  notions  from  the 
work  of  Regiomontanus  (1436  to  1476)  in  the  same  manner  as  Mr. 
Scott  says   that  Reinhold  had  done,   is   impossible   to   decide; 
however,  it  may  have  been  possible.     That  additions  and  improve- 
ments in  the  method  of  arranging  such  tables  have  followed  is 
certain ;  but  the  principles  laid  down  by  Napier,  and  continued 
by  Briggs  upon  a  different  basis,  have  not  been  nor  ever  will  be 
superseded.     The  natural  sines,  etc.,  referreil  to  above,  formed 
of  themselves   co-ordinates.       The  logarithms   and   logarithmic 
sines  also  afforded  facile  and  direct  means  for  the  same  object,  and 
if  the  surveyors  of  that  period,  and  for  some  time  afterwards,  did 
not  apply  those  principles,  it  was  not  for  the  want  of  means  ready 
at  hand. 

Mr,  Scott  observed  that  Reinhold  *'  explains  the  co-ordinate 

system  of  plotting,  and  actually  introduced  a  lucid  treatment 

of   trigonometrical    calculation    after   Regiomontanus    (1486   to 

1476)"*  but  it  is  not  stated  that  Reinhold  prepared  tables  to 

•   rm/w.  Iwif,  M.K„  1902,  vol.  xxiii.,  page  576. 
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facilitate  the  use  of  the  co-ordinate  system,  without  which  a  mere 
"  explanation  ''  would  possess  less  value.  It  is  not  probable  that 
the  work  of  Roinhold  was  known  in  England,  at  least  to  any 
extent,  up  to  the  time  when  Budge  published  his  last  edition  in 
186G  ;  at  any  rate,  it  is  not  referred  to  in  any  work  upon  survey- 
ing, in  English,  known  to  him  (Mr.  Hoskold),  neither  has  he  seen 
any  English  book  upon  mine-surveying  earlier  than  Houghton, 
1681,  and  probably  such  does  not  exist.  Nevertheless,  there  is 
no  reason  for  supposing  that  the  plan  of  surveying  indicated  by 
that  author  may  not  have  existed  for  two  or  three  centuries  earlier. 
If,  however,  we  take  the  moderate  estimate  of  250  years,  that 
would  take  us  back  to  14'31,  leaving  a  period  of,  at  least,  251  yeai-s 
to  invent  means  of  applying  tlie  magnetic  needle  to  mine-survey- 
ing, or  fromihe  time  of  Necham,  1170  and  1180,  who,  as  he  (Mr. 
Hoskold)  had  previously  stated,  if  not  the  first  inventor,  intro- 
ducer or  user  of  the  magnetic  needle,  was  the  first  to  write  about 
it  in  England.*  If  there  is  nothing  certain  about  the  estimate 
of  time  that  we  have  made  above,  we  shall,  at  least,  be  within  the 
limits  of  probability. 

The  Romans  worked  the  tin-mines  of  Cornwall,  the  lead- 
mines  of  Derbyshire  and  the  iron-mines  of  Birmingham  (at 
intervals)  down  to  300  A.D.t  According  to  the  State  papers, 
Henry  II.  granted  permission  to  work  iron-mines  and  to  erect 
forges  to  reduce  the  mineral  to  metal,  somewhere  between  1154 
and  IKiO,  before  TSecham  wrote.  There  might,  therefore,  have 
existed  a  need  for  mine-sui*veying,  at  any  rate,  upon  a  small  scale, 
no  matter  how  rudely  conducted  ;  and,  as  he  (Mr.  Hoskold)  had 
previously  stated,  such  operations  may  have  been  carried  on  by 
means  of  a  small  plane-table,  or  three-legged  stool,  a  chalked 
string  or  cord,  and  a  measure,  until  the  introduction  of  the  mag- 
netic needle.  He  (Mr.  Hoskold)  had  not  discovered  any  record 
proving  that  the  mines  of  the  Hai-tz  were  much  explored  earlier 
than  about  1200.  Karlier  records  may,  however,  be  accessible 
to  others.  It  is  interesting  to  note  that  it  is  believed  that  the  first 
book  published  in  Cjermany  upon  mining  appeared  in  1504  to 
1505,  with  other  editions  in  1515  to  1518. 

The  Director  of  the  Mining  Ac^ademy,  at  Freiberg,  courteously 
sent  to  the  writer  a  photograph  of  the  title-page  of  the  latter 
edition  of  the  work  referre^l  to,  as  also  of  two  old  instruments 

*   Tran^s.  lust.  .l/.A'.,  1900,  vol.  xix.,  page  181. 
t  ( [i/rio/tedia  of  C/(i'<Mifted  Dates,  U)On,  page  840. 
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emplojed  in  mine-survey  tug  at  the  periofl  meiititmeiL  A  ileserip- 
tion  of  these  rarities,  probably  the  only  examples  kuuwn,  was 
pubiished  in  his  (Mr.  Hosk old's)  aet^ond  ami  third  Ameriuaii 
papptB^*  and  Dr.  Raymnnd  was  ^(md  enough  t^  translate  the  title 
^f  the  book  from  German  into  Enj?liflh.  It  is  as  follows  :  — "A  well 
armiged  and  useful  little  lx»ok ;  How  miue^  ahonld  he  sought 
ftndfotmd,  of  all  kinds  of  metal,  with  the  fignres  suitably  indi- 
cated, aetording  tv  the  c  i  reunite  tan  ces  of  the  uountry-roek,  with 
appeuded  mining  terms,  very  servi(.*eablc  to  working  miners,'* 
The  old  inatrnmtents  referred  to,  are  represented  by  Figs.  2  and  3, 


^crMtirtdfl. 


Fig*  2.— MisE-simvBviso  Compass,  \iiQ4  tu  l.'ihl. 

tile  first  of  whieh  seems  to  be  the  oldest  form.  The  exterior 
circles,  engraved  upon  it,  are  divided  by  lines  representing  the 
four  cardinal  points,  and  the  fii-st,  or  meridian-line,  indicated 
mid-day  t<j  mid-night,  and,  conseciusntlyj  the  right-hand  half  of 
the  circle  is  divided  from  1  to  12  hours,  and  the  left-hand  of  the 
circle,  or  from  mid-night  to  mi<l-day,  is  also  divided  from  1  to 
12  hours.  It  would  seem  that  Fig.  3  ie  an  improved  variation 
of  Fig.  2  ;  it  lias  a  diruble  set  of  circles  and,  alao,  a  double  set 
of  figures  on  the  same  plan  as  Fig.  2.       A  magnetic  needle  was 

•    Trausa^Hon^  of  fh^    Amerirftif    fu^fi/ttfr  of  Mitttinj  Euifincerst   1901,   vol. 
xxxi.,  p«kgpfi  25  Urfid  716' 
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al&ci  niouuti^l  at  the  centre  of  the  instrument.  Without  Joia^t 
when  in  line,  the  needle  must  have  been  pointed  to  12  hours  as 
a  z©rio-poiiit»  and  then  the  direction  ot  any  underground  road  I 
must  have  been  indicated  by  stretch in*r  a  string  tn*  eord  tiver  th© 
i  us  tram  en  t  and  aloug  the  rond  or  excavation,  the  division  then 
cut  upon  the  instrument  by  the  cord  being  noted.  Any  bearing- 
or  intermediate  direction  between  the  hours  must  have  been 
estimated.  The  sunreying-instruments  repiesented  by  Figs,  2 
iind  ^^  itro  okler  than  any  nf  thft  insiiitruments  deeeribed  by  Mr, 
Seott,  in  his  American  and  British  papersi  upon  the  subjects 


IbrrSHillag 


ibkmmun^i 


Flu.  3.  —  MlNB  HUKVKViNis  Ci»sirAii8*  1515  TO  1518, 

The    paucity   of   books    on    mining    antl    mine-surveying  ia ' 
Kti^land  prior  to  the  time  when  Houghton  wrote  in  1681,  or  in 
the  olden  times,  is  a  very  remarkable  cireum stance;    but  eon* 
Hidering  that  book-learning  an<i  the  art  of  writing  booki  wer# 
chierty  conhued  to  the  higher  dignitaries  of  the  Church,  and  in 
LatiB^  it  IS  not  m  surprising  that  those  of  that  period,  occupied  1 
in  mining  and  mine-**iirveying,  were  so  little  adapted  to  convey  I 
their  idea**  ami   practice  in  writing.     Neither  was  the  Oeniiftll  m 
language  common  in  England  from  the  time  of  Uoughton.  to  I 
that  of  Fen  wick  and  Fiuilge,     It  h  not,  therefore,  probable  that 
Uermuu    scientitic    literature    hud   any    intiucure    upon    Englisk 
mining  men  in  the  sense  of  providing  means  of  instructing  them 
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in  mathematics  and  the  art  of  land  and  mine-surveying.  Setting 
aside,  for  the  sake  of  argument,  Beinhold's  early  work,  and  the 
chapter  on  mine-surveying  in  Agricola  (1556)  as  foreign  produc- 
tions, Houghton  would  appear  to  be  the  first  English  writer  upon 
the  subject  of  mine-surveying,  in  1681,  some  five  years  before 
Toigtel  wrote  in  1686 ;  but  the  latter  work  is  of  a  distinct  class 
from  the  former.  From  1681  onwards,  many  works  upon  survey- 
in^  appeared  in  England,  some  of  which  contained  tables  of 
logarithms  and  sines,  for  co-ordinate  purposes. 

Special  works  dedicated  exclusively  to  mine-surveying  were 
very  limited,  compared  with  the  importance  of  the  subject; 
and  it  is  probable  that,  down  to  a  comparatively  modem 
period,  practical  surveyors  may  have  considered  that  some  of  the 
principles,  laid  down  in  land-surveying  books,  were  sufficient  and 
could  be  applied  to  underground  surveying.  Mr.  Scott's 
appreciation  of  Fenwick,  1804,  and  Budge,  1825,  is  correct,  and 
it  is  pleasing  that  he  has  accorded  to  them  the  merit  which  they  so 
much  deserve.  How  absurd  is  the  idea  that  Budge's  book  is  con- 
sidered by  only  a  single  individual  as  **  dealing  only  with  the 
mines  of  Cornwall !  "  He  (Mr.  Hoskold)  had  always  maintained 
that,  as  a  system  of  magnetic  or  dial-surveying,  Fenwick's  book 
^ould  never  be  superseded ;  besides  he  was  the  first  to  indicate 
the  plan  upon  which  the  present  English  system  of  theodolite- 
surveying  in  mines  is  based.  Baker,  the  civil  engineer,  had  so 
Rreat  an  estimation  of  the  value  of  Fenwick's  Mine'Surveying,  that 
he  published  a  new  edition  of  it  in  1877. 

Since  he  (Mr.  Hoskold)  published  his  practical  system  of 
mine-surveying  in  1863,  various  notices  upon  mine-suiveying 
have  appeared.  An  excellent  chapter  on  this  subject  will 
he  found  in  Mr.  Caleb  Pamely's  Colliery-managers'  Handbook, 
1898,  and  of  the  few  works  exclusively  devoted  to  it  a  recently- 
published  book  is  highly  to  be  recommended.* 

In  his  American  and  English  papers,  he  (Mr.  Hoskold)  had 
already  expressed  his  opinion  upon  the  new  instrument  introduced 
by  Mr.  Scott;  but  he  did  not  wish  to  occupy  the  invidious 
position  of  comparing  his  new  civil  and  mining  engineers'  transit- 
theodolite  with  that  of  Mr.  Scott,  because  he  believed  that  it  was 
far  preferable  to  allow  each  instrument  to  rest  upon  its  own  merits^ 
and  to  be  appreciated  and  judged,  after  use,  by  practical  men. 

•  A    Practical    Trea^i'*e    on    Mive-AurreyiJig,    by    Prof.    Arnold    Luptou^ 
Longmans  and  0>mpany,  London,  1902. 
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There  was  ample  evidence  that  all  instruments  in  England, 
which  could  be  applied  to  mine-surveying,  have  been,  more  or 
less,  changed  in  form  to  suit  various  ideas  and  conditions,  from 
the  old  plain  magnetic  dial  in  Stones'  (Bion's),  1723,  to  the  present 
time,  and,  in  some  instruments,  such  changes  have  involved 
important  inventicms.  This  remark  may  be  claimed  to  apply 
to  the  very  popular  instrument  called  the  Hedley  dial-circum- 
ferentor,  in  its  various  forms  as  presented  by  different  makers, 
as  also,  U)  other  instruments,  but  such  changes  can  only  be 
summe<l  up  as  improved  means  to  facilitate  and  obtain  a 
particular  end,  that  is,  to  offer  more  or  less  advantage  in  accuracy, 
speed  and  ease  in  observing  magnetic  bearings,  and  horizontal 
and  vertical  angles :  but  this  does  not  alter  the  scientific  base  of 
a  principle  upon  which  a  practical  system  of  mine-surveying  rests. 
The  how,  and  in  what  manner,  mine-surveys  should  be  best  con- 
ducted, (lei)en(ls  upon  the  applicaticm  of  unalterable  mathematical 
principles,  that  is,  the  principle  of  doing  a  given  kind  of  work 
is  one  thing,  but  the  instruments  by  which  it  is  to  be  effected 
is  quite  a  different  thing.  It  cannot  be  doubted  that  the  instru- 
ments produced  in  modem  times  for  all  classes  oi  surveying 
operations,  by  the  well-known  and  hmg-establisheil  firms  of 
Messrs.  Troughton  &  Simms,  Klliot  Brothers,  Cary,  Stanley, 
Stewart,  Casella,  Archbutt  and  others  in  London:  Messrs.  John 
Davis  &  Son  of  Derby,  and  Messrs.  Cook  of  York,  etc*.,  cannot 
be  excelled  by  a  similar  class  of  production  in  foreign  countries, 
and,  for  these  reasons,  foreign  surveying-instruments  are  not 
necessary  or  enii)loyed  in  England,  India,  or  the  British  Colonies. 
Besides,  British  instruments  are  preferred  in  the  Argentine  and 
other  South  American  republics.  Without  prejudice,  or  enter- 
taining the  slightest  intention  to  affect  or  injure  the  suscepti- 
bilities of  those  who  are  meritorious  and  have  claims  to  the 
greatest  considerations,  he  (Mr.  Hoskold)  l>elievi*s  that  ihis  notice 
contains  confirniatcny  evidence,  of  an  absolute  chara<'ter,  prov- 
ing the  hard-earned,  well-merited  and  long-establishtMl  credit  oi 
the  Ihitisli  people  in  reference  t^.the  particular  subjects  which 
have  be<»n  brought  forward  and  discussed. 

I'nder  the  conditions  presented,  iherefore,  it  must  be  con- 
sidered to  be  an  unliaj)p\'  circumstance  and  **  sincerely  to  l>e 
regrette^l,''  that  Mr.  Bennett  H.  Brough  had  entere<l  up«ui  the 
unusual  course  of  a  rejoinder*  t<»  his  (Mr.  Hoskold's)  reply  to 
•    TntnM.  Innt.  M.E.,  190*2,  vol.  xxiii.,  jwge  (i20. 


I 


I 


Mr.  Bn^Uflfli^s  oriticisuis  upau  the  paper  ''  Notee  Upon  Ancient 

ami  Mtxle'ru  Surveying  and  Survey iog-inatrum^nta/'  etc.       This 

criticism^    occasioned    by   Mr<    Scott *8   paper    and    the   remurks 

thereon,  exliihitg,  in  the  clearest  manner,  that  his  (Mr,  Hoskohrs) 

opinitm,  formerly  expressed  in  tiie  passa^^e  alluded  to,  and  so 

djstaat^ful  to  Mr.  Brough,  ia  not  only  baaed  upoa  ami  justified 

by  the  rircumstancej^   and   anteeedenta  of  the  ease ;    bnt   upon 

exparience    and    close 

obser?atioii  extending 

over  a  pericxi  of  more 

than  half  a   century. 

It  is  quite  possil  Je  that 

ft  few  of  those  who  have 

Wd  devoted  nierely  to 

scholastic  pursinismay 

h  ave     aeq  n  i  rod ,     and 

enrich  ctl       t  hem  ae  1  v  es 

by,  the  knowledge  cir- 
culated     in      foreign 

countries  ;  but  he  fMr, 

floakold)     wa*s     thoi- 

oughly  convinced  that 

EQglishmen,  as  a  rule, 

bad   not    received    so 

much  valuable  assist- 
ance and  instruction 
in  mathematics,  other 
sciences,  inventions 
and  construction  of  irj- 
strnments,  and  iti  the 
art  of  land  and  rnine- 
I  survey ing  as  Mr. 
Brongh,  and  a  few  others  of  hia  way  of  thinking,  would  lead  us 
to  believe* 

I  In  an  excellent  work  pmviously  noted,*  an  old  surveying- 
instmrnent  is  illustrated  and  called  trigometre,  origiually  ex- 
iititig  in  a  work  of  Daufrie,  1597,  and  reproduced  in  Fig.  4, 
Colonel  Laussedat  is  of  opinion  that  Daufrie  invented  the  iustni- 


Fifi,  4,  — Thb  DArfRiE  Trigometrk,  1597* 


*   Uin'ht^rcheJ:!  ftttr  Us  ImfrnmeMfs^   etc. ,   by  Col.   A.   Lau&a^dafc,   Paris,   I8fli, 
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nuMit,  and  it  appears  that  it  was  intended  to  be  empIo3'e<l  fo 
Hudinp:  distances. 

When  rc-arranginghis  library,  some  time  ago,  he  (Mr.  Hoskold 
came  upon  some  old  Italian  scientific  literature,  and  an  examimi 


Kn..    r».-   Thk  HuI^iMKTKo,  iKlnli   TO    I.">t»4. 

tioii  (tf  niu»  (it  tlu»  ImhiIvn  piihlislnMl  hy  /illi»1i.  a1  ViMiire.  in  l'>t»-l 
biiHi^lit  In  hVht  a  viMv  old  and  nirioiis  in«»trmiieiit.  also  use«l  fi» 
nieasurin^r  distances.  It  is  n'presentiMl  l»y  Kijr.  :>,  and  is  ternuN 
holnmttrn.    Zilli'ti  say>.  '*  Having  come  into  my  hands,  the  ])resen 


Fia,  6, — The  Btanh  asu  Vehtical  Cirilk  (*f  the 

HriLOMKTKO,    VHU>R  T«>    1564. 

able  that  he  invented  his  holometio  aad  produced  hie  work  describ- 
mg  its  use  sdih ©where  between  1540  and  1504.  This  instrument 
is  at  lenst  ^*^  years  older  thun  that  of  Daufrie,  and  probably  it 
may  have  bt^en  the  original  form  fmm  whrch  Daiifrie's  instru- 
ment wad  constructed.  Fig,  5  represents  the  holometro,  which 
consists  of  a  square  base  of  metal,  or  of  wood,  with  a  magnetic 
.compass  niounted  at  its  centre.     One  of  the  sides  of  the  square,  or 
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the  lowest  in  the  diagram,  was  divided  into  100  equal  parts,  as 
seen  in  the  engraved  base-scale,  and,  upon  each  of  the  ends  of  the 
base,  a  long  divided  bar  or  rule  was  mounted,  upon  a  pin  or  axis. 
Each  of  the  extended  rules  or  bars,  revolving  on  an  axis, 
was  divided  into  190  equal  parts.  At  the  point  represented  by 
the  division  of  100  upon  each  rule,  a  joint  was  formed,  so  that  the 
rules  could  be  bent  to  fit  the  sides  of  the  square  or  instrument  for 
convenience  of  packing  and  carriage.     Fig.  6  represents  the  leg  or 

stand,  at  the  upper  part  of 
which  a  divided  circle  was 
mounted  upon  an  axis.  A 
long  bar  with  plain  sights 
was  also  mounted  upon  the 
same  axis,  and  revolved 
vertically  round  the  circle. 
The  lower  end.  of  the  leg  or 
stand,  had  a  base  in  the 
fonn  of  a  dovetail,  and  when 
the  holometro  was  in  use, 
this  part  was  inserte<l  into 
a  corresponding  doveuil 
oroove  made  between  the 
thirteenth  and  twenty- 
eighth  division  of  the  long 
rules  or  bars;  consetjuently 
there  were  two  vertical 
stands,  or  legs,  with  circK-s 
and  plain  sights,  one  of 
which  was  placed  on  each  of 
the  horizontal  bars  when  the 
instrument  was  in  use. 
When  tht*  holomeiro  was 
placed  upon  its  conunon 
.stand  for  use,  it  was  levelled 
i)y  niran.^  of  a  plumb-line 
suspendeil  from  the  centre  of  each  of  the  vertical  circles.  The 
zeros  of  the  vertical  circles  were  also  <leteriuined  in  the  same 
manner.  Fig.  il  imlicates  that  only  the  upper  half  of  the  cirrlo 
was  divided  :  but  the  Italian  text  describes  tlu*  <'in'le  as  being 
divided  round  the  whole  circumfereu<"c. 


Via.  7.  — Mktiioi)  ok  Usin«;  tiik  Hoi^omkiki 
I'RIOR  T<>  \M\4. 
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It  appears  from  the  Italian  description  that,  when  a  distance 
iad  to  be  determined,  the  operation  was  carried  out  as  shewn  in 
Kg.  7.     A  base-line  of  100  units  was  measured  on  the  ground,  and 
*ie  instrument  set  up  at  the  first  or  right-hand  station,  and  the 
title  farming  the  divided  side  of  the  instrument  wns  directed  so 
«8  to  coincide  with  the  second,  or  left-hand  station.     Then  a  sight 
'^as  taken  by  means  of  the  plain  revolving  sights  of  the  right- 
hand  biir,  which  moved  with  it,  to  the  extreme  point  at  C.     The 
tttagnetic  bearing  was  then  read,  and  the  right-hand  bar  was 
J^llowed  to  remain  in  its  position.       The  instrument  was  then  re- 
ttioved  to  the  second  or  left-hand  station  and  the  needle  of  the 
Compass  made  to  point  to  the  same  bearing  as  that  noted  at  the 
first  station,  which  operation  would  bring  the  line  forming  the 
divided  base  of  the  instrument  in  the  direction  of  the  first  station. 
The  left-hand  plain  revolving  sights  to  the  second  vertical  circle, 
^ere  then  directed  to  the  point  C,  and  the  divisions  cut  by  the 
crossing  point  of  the  two  divided  bars  indicated  the  length  of  the 
two  lines  obsei-ved.     When  the  distance  was  so  great  that  after 
sights  had  been  taken  to  the  distant  object,  the  divided  bars  would 
not  cross  each  other ;  the  left-hand  bar  with  its  divided  quadrant 
was  slidden  along  the  metallic  base   in  order  to  diminish   the 
distance  from  0  to  100,  until  the  two  bars  would  cross  each  other ; 
the  plain  sights  of  each  being  directed  at  the  same  time  to  the 
distant  object.     The  distance  was  then  found  by  the  rules  of 
proportion.     Great  interest  is  attached  to  this  instilment,  for  the 
reason  that  the  vertical  circle  and  plain  sights,  mounted  upon  a  leg 
or  stand,  as  shewn  in  Fig.  6,  afford  evidence  that  the  present 
principle    of    mounting    surveying    transit- theodolite    circles    is 
more  than  340  years  old.     The  only  difference  is  that  the  old 
vertical  circle  of  1564,  exhibited  in  Fig.  G,  was  suspended  and 
supported  upon  an  axis  at  one  point,  instead  of  at  two  points  as  in 
present  practice ;  but  there  is  no  doubt  that  the  latter  was  derived 
from  the  former. 

The  Italians  also  practised  other  curious  modes  of  finding 
distances  by  means  of  jreometric  squares,  ajid  other  classes  of  in- 
struments at  an  earlv  date*  as  the  footnote  shows. 


*  (I)  Libro  del  Mi/nira  con  la  Viata^  by  Silvio  Delli  Vicentino,  Venetia,  1566  ; 
aul  (2)  Monicome.tro  Iii^ttrnmento  da  Munirar  con  la  Vt'^tu,  by  Francesco  Pifferi, 
Siena,  1595. 
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DISCUSSION  OF  MR.  H.  LIPSON  HANCOCK'S  PAPER 
ON  THE  "  MINING  AND  TREATMENT  OF  COPPER- 
ORE,"  ETC.* 
Mr.  H.  LiPsoN  Hancock  (Moonta  Mines,  South  Australia) 
wrote  that  following  mechanical  concentration  and  smelting,  the 
wet  treatment  of  vein-stuff  containing  sulphide  copper-ore* 
(especially  those  associated  with  iron-pyrites,  and  these  were 
probably  more  common  than  those  that  were  free  from  the  latter 
mineral)  was  essentially  required,  and  present-day  experience  was 
proving  that  this  style  of  treatment  would  be  more  widely  adopted 
in  the  future  than  it  had  been  in  the  past.  It  had  gradually 
grown  in  connection  with  the  operation  of  the  Wallaroo  and 
Moonta  mines,  and  he  hoped  at  an  early  date  to  attain  an  extrac- 
tion in  this  department  of  over  2,000  tons  per  year,  providing 
an  ample  supply  of  acid  is  available.  Of  course,  this  output 
would  be  obtained  from  treating  a  large  quantity  of  crushed  vein- 
stuff,  which  had  accumulated  during  a  number  of  years ;  never- 
theless it  indicated  the  importance  attaching  to  the  process. 
There  was  no  doubt  that  this  means  of  extraction,  in  which  the 
assistance  of  sulphuric  acid  played  an  important  part,  would  be 
still  further  improved. 

He  (Mr.  H.  Lipson  Hancock)  might  repeat  that  the  tailings 
at  the  Moonta  mines  are  chiefly  felsite-porphyry,  with  a  small 
percentage  of  copper- pyrites  and  a  little  boniite.  The  assay  for 
copper  in  re<'ent  years  was  about  0'7  or  0*8  per  cent.,  although 
the  average  of  the  full  heaps  under  lixiviation  might  be  set  down 
at  09  per  cent.  There  is  (mly  a  veiy  small  percentage  of  inm- 
pyrites  in  the  material  of  the  Moonta  mines  under  treatment,  so 
that  it  causes  a  dearth  of  iron  in  the  liquors.  In  order,  therefore, 
to  facilitate  the  leiuhiug  operations,  it  will  be  nc^cessarv  shortly 
to  use  a  small  percentage  of  sulphuric  acid:  this  will  enable 
the  li(jUoi*s  to  attack  the  prot^)-salt8  of  copper  as  the}'  are  formeil, 
and  lead  to  higher  extraction.  New  tailings  fnmi  the  concen- 
trating plants,  after  dumping,  are  periodically  sou8e<l  for  some 
weeks,  an<l  then  allow  to  rest  for  '\  or  4  months,  according  to 
circumstances.  They  are  then  drenched  again;  and,  after  a 
further  short  rest,  they  are  generally  in  a  suiiiciently  oxidi/.ed 
state  for  h»aching,  as  indicated  above. 

The  precipitate  is  washed  against  a  stream  of  fresh  water,  ami 

•    Tmn^.  lust.  M.H.    UK)!,  vol.  xxii.,  i>a;:e4Hl. 
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divided  into  three  classes,  the  coarser  and  heavier  being  separated 
as  the  best.  The  first  and  second  classes  are  melted  in  a  rever- 
Watory-fumace,  with  other  coarse  copper  from  the  concentrating 
ores.  There  is  only  a  small  percentage  of  the  third-class  pre- 
cipitate, and  this  has  to  pass  through  two  furnaces  in  the  smelt- 
ing. There  was,  he  might  say,  a  freedom  from  impurities  in  the 
material,  and  good  copper  known  as  the  Wallaroo  brand  resulted 
therefrom. 

DISCUSSIOX  OF  MR.  J.  J.  MUIR'S  PAPER  ON  THK 
"TREATMENT  OF  LOW-GRADE  COPPER-ORES  IN 
AUSTRALIA."* 

Mr.  H.  Lipsox  Hancock  (Moonta  Mines,  South  Australia) 
wrote  that  there  is  no  doubt  that  sulphuric  acid  is  useful  in  con- 
nection with  the  wet  treatment  of  sulphide  ores  of  copper, 
especially  when  oxidation  has  more  or  less  set  in.  This  may 
he  the  result  of  natural  weathering,  but  it  is  generally  a  slow 
operation.  If,  however,  the  ore  be  properly  dumped  and  soused 
Periodically  with  liquors  containing  salts  of  iron,  and  is  allowed 
tirest  and  dry  for  some  time,  oxidation  is  very  much  promoted. 
Sulphuric  acid  applied  at  this  stage  is  a  powerful  solvent,  and  its 
use  has  led  to  very  satisfactory  results. 


DISCUSSION  OF  MR.  F.  J.  NORMAN'S  PAPER  ON 

"  BORING  IN  JAPAN.'t 
Mr.  F.  J.  NoEMAN  (Calcutta)  pointed  out  the  following  errata 
iji  his  paper: — On  page  685,  line  6  should  read  *'  depths  of  300, 
480  and  720  feet  below  sea-level,  and  the  depths  increase  the 
farther  one  goes  inland."  On  page  690,  line  8  should  read  **  depth 
of  from  6  to  8  feet,"  etc ;  and  line  13,  **  bottomless  tub  or  box," 
etc.     Page  691,  line  17  should  read  **  {Zelkowa  acuminata).'' 


Mr.  William  Charlton  read  the  following  paper  on  the 
"  Use  of  Ratchet  and  other  Hand-machine  Drills  in  the  Cleve- 
land  Mines  ^' :  — 


•  Traw.  InM.  M.E.,  1902,  vol.  xxiii.,  page  517. 
t  Ibid.,  1902,  vol.  xxiii.,  page  085. 
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So  established  had  this  moile  nf  drilling  berfuue  tliut  thfl 
prnrtiral  rainer  of  that  time  naturally  ronsidrred  it  aee« 
for  workiufT  the  Cle%*elund  stntie  that  the  holes  ehould  have 
triangular  shap^  A.  and  that  it  was  only  by  bi»  skill  in  drilliafr, 
with  the  jumper-drill,  a  hole  with  a  *'  ilat-buck  *'  or  '*  flat-fnmt,'* 
**  flat-top/'  or  **  Hat-bottom/'  that  the  stone  eould  be  suicessfuliy 
mined. 


Fto.  9,  — Pmkjjulum  Drillin<}-macbi«». 


Since  1880,  mining  by  power-machinea  has  made  great  pro- 
and  at  the  present  time  about  one-third  of  the  Cleveland 
astnne  is  won  by  such  machinery. 

Until  I8881  very  little  use  had  been  made  of  the  hand-machine 
rills.     The  late  Mr.  George  Lee  had  tried  some  at  the  Livertoo 
'mine^t,  and  the  late  Mn  T.  Allison,  of  Gui^bopongh,  had  intro- 
duced a  few  ratehet-machines  iuto  the  Belmont  and  Spa  wood 
mines  of  the  Weardale  Iron  &  Coal  Company,  Limited. 


i 
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tirauea  in  the  barrel  and  tliiek-etlgeil  tlrilts;  and,  when  dritling 
the  hole,  the  nuiehine  waa  set  aguinst  a  prop  fixed  iM'tween  lb* 
roof  aud  the  floor; 

It  was  iooii  found  that  a  great  drawback  to  the  u^i*  i*f  tlia 
machine  was  the  time  spent  in  setting  these  propg  nr  sttindi^  fl 
a  c'inistderable  portian  of  the  time  slaved  id  drilling  tlie  holp  being 
spent  in  the  preliminary  setting  of  the  prop*  and  in  rhanging 
the  drills.       In  many  instance,  the  stone  thrown  down  bv  1 
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prf»vioii8  shot  wonid  be  lying  where  the  prop  ahnuld-gtazid  ;  aud 

ill  citlit*r  iiistanres,  owing  to  projections  of  the  side  of  the  working- 

,  pliif^e,  the  prop  coulil  not  he  set  nenr  enough  to  the  sitle  to  obtain 

Hibe  right  dirertioii  of  the  hole.       It  hern  me  necessary,  therefore. 

to  supplement  the  prop  with  a  oross-biir  of  iron  between  it  and 

I  the  side  of  the  phice,  the  end  of  the  muehine  resting  against  this 
bar*  OKI  permanent -way  fish-phites  were  found  to  be  suitable 
for  tliis  purpose.  For  convenienee,  they  were  pointed  at  one 
I  end  to  make  the  bar  fit  better  against  the  stone,  the  other  end 
being   fastened  bv  li  null  to  the  prop. 


fUL    11.— Glt-^V-lUitlllT  KoTAHV  DkILL.1>CJ']I|ACH1JSK, 

After  a  time,  this  pointed  end  was  driven  into  a  recess  made 
ill  the  atone,  and  it  %vns  found  to  fasten  itself  so  well  that  when  a 
stronger  bar  of  iron  was  pointed  with  n  chisel-end  and  di-iveu 
into  a  hole  marie  about  lA  indues  deep,  by  a  pick,  it  was  sufficiently 
firm  to  stnnd  the  tlnusl  of  the  machine  without  the  aid  of  a  prop 
to  support  the  other  end. 

This  discoveiy,  at  once,  very  materially  increased  the  facilities 
of  working,  antl  may  be  said  to  have  brought  about  the  success 
which  hasi  attended  the  use  of  this  mode  of  drilling  in  the  Cleve- 
land mines.     It  rendered  unnecessary  the  props  or  standa  which 
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were  hitherto  used,  and  mtulo  it  passible  to  fix  the  mar4iiiies  ^^=i 
that  the  hoI^H  wee  diilled  in  the  very  best  positinii  fur  tln^^ 
udviintageous  bhistiug  uf  the  stone. 

Figs.  1  and  2  (Plate  XV.)  show  the  pointed  bar,  n,  of  ini^cL^ 
driven  into  the  side  of  the  pkiee,  and  the  nitrhet-murhiiie  set  hr^zz 
drilling;    h  is  the  barrel  of  the  drill;   c,  tht^  riut-eollar;    t/^  tl^^i 
screw-spindle  ;  (',  the  ratehet ;  and,  /",  the  drill-end.     The  brack^^ 
or  bar  is  eh iiel -pointed  at  t/,  and  is  formed  with  a  number  of  hoh>; 
or  countersunk  reresses*  A,  fnr  receiving'  the  barrel- en iL  n  of  i\wi 
drill. 


Fin.    IJ.   -Hall  K^iTARV  [*FiILLiM:-jHAGiiiNi5, 


A  remarkable  development  of  the  means  employed  to  taia 
advantage  fvf  the  property  possessed  by  the  stone  of  holding  fust 
the  bar  of  iron  driven  into  it  is  shown  in  Figs.  H,  4  and  o  (Plate 
XV.),  a  modi fi cation  designed  for  use  in  starting  or  turniug- 
away  plates  at  right  angles  to  the  winning-place.  The  long 
bar  J  a,  is  chisel-pointed  at  the  end,  g,  j,  is  a  abort,  bar  with  holes 
or  countersunk  recesses,  h,  and  with  a  socket,  k,  capable  of  Jsiliding 
on  the  bar,  <f,  to  any  convenient  position.  Other  modifications 
will  be  seen  in  the  illustrations  or  photographs  of  the  machines 
ill  working  positions. 


I 


Ratchet  and  HAxn'MAt^uivK  drills. 
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While  progress  was  beinf^  iiimk*  in  the  manner  of  setting  the 
machines,  i inprfivements  in  the  mnehine  itself  were  not  negleeted. 
Clasps  wei^e  subeti tilted  for  the  hntm  bnis^ses  in  the  tjuieliine  shown 
in  Fig.  If  and  some  time  afterwards  these  were  discarded  for  the 
improved  ratchet-machines  of  the  Hardy  Patent  Pi**k  Compiiny 
with  the  ytajner  split-nut  (Fig.  <i,  Plate  XV.)  for  the  (|uitk 
withdrawal  of  the  drills  (Fig.  8). 

A  lighter  and  Hsh-bellied  <^^^B>  sectiun  of  drill-steel  was 
procured,  which  proved  to  be  a  great  improvement;  and,  com- 
bined with  these,  it  was  found  that  a  square-topped  Kcrew  with 


Fi(i*  13, —J^LACKETT' Mutton  Rotab.^^  DBJUoxa^MAiJtUKE. 

4  threads  to  the  inch,  instead  of  a  Whitworth  screw  with  7 
ds  to  the  inch,  whilst  increasing  the  speed  of  the  drilling  by 

per  Qent.^  scarcely,  if  at  all,  increased  the  labour. 

To  obtain  the  benefit  of  the  weight  of  the  handle  and  the  ad- 
Tantage  of  the  pul ling-down  stroke  when  the  drill  is  advancing, 
which  is  the  case  with  the  machine  in  the  position  shown  in 
Fig.  1  (Plate  XV.),  machines  with  left-handed  screws  and  drills 
rere  obtained  for  use  when  the  holes  were  to  be  drilled  on  the 
other  side  of  the  working- pi  ace  (Fig.  8).  Each  pair  of  workmen 
was  supplied  with  two  machines,  thus  enabling  them  to  use  the 
machine  best  suited  to  the  situation. 
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Many  other  devices  of  machine  have  been  tried,  Biirh  as  tb^ 
pendulum-machine  (Fig.  9),  which  by  an  arrangement  of  bevel- 
wheels  gave  a  cutting  atroke  at  each  stroke  of  the  handle;    the) 
thjuhle-handled  ratchet-drill  (Fig.  7,  Plate  XV.),  and  others. 

Passing  over  these,  a  great  advancement  was  made  by  the 
introduction  of  hand  rotary  machines  for  drilling  the  softer  stnne ; 
and   Messri§*   Gray  &  Tarbitts  machine   was   introduced   at  tbe  ^ 

South  SUelton  mines  (Figs,  lU  and  11).  | 
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Mr,  William  Hall's  machine  is  in  use  at  Messrs*  Peiise  k 
Partners'^  SkinningTove  and  I'pleatham  inioes  (Fig,  12);  antl 
Mr.  ('.  Heslop's  machine,  more  suited  to  the  harder  stoue^  is  used  _ 
at  their  Lingdale  niinefi,  Mr.  .John  Martin,  a  working  miDer,.f 
intnxluced  a  simple,  but  useful  rotar>*  machine  at  the  Skelton 
mine.  Mesjir^.  Blacketi,  Mutton  k  ronipauy,  the  Hardy  Pat€ttt 
1*1  ck  t'oajpany  and  Messrs-  John  Livingstoa  A:  Sons  have  a  larft* 
number  of  their  machines  in  use  at  several  cif  iht*  rievelaiid 
mines  (Figs,  l-i,  14  and  15). 

Fig*  Hi  »hews  a  miner  ufiing  a  jumper-drilL 

Among  iho«e  who  have  given  so  much  thought  and  alteutioii 
to  the  development  of  drilling  by  ratchet  and  hand  rotary  machine* 


m  tlie  L-levpliind  mrnes,  the  names  of  my  asaifltants,  Mr,  James 
Thorn  pan  II  an*I  Mr.  William  Brooks,  desei-vp  particularly  to  be 
meationed. 

The  usual  practire  of  Develand  hanfi-mininfr  is  far  two  minera 
to  work  together  as  mates,  one  man  drilling  the  holes,  charging 
and  firing  the  shots,  while  the  other  man  breaks  up  and  fills  the 
stone  into  the  tubs  nr  wagons. 

Many  experimental  trials  have  been  made  to  ascertain  the 
relative  time  oc-rupied  in  drilling  by  the  jumper-drill,  the  ratchet. 


Fiji,   i;>.  — LiviNGirroKE  Rotaby  DKiLLiNn^MACBiyK- 

the  hand  rotary  machine,  and  in  some  cases  very  remarkable 
results  have  been  obtained.  Xot  wishing  to  exaggerate  the 
value  of  the  ratchet  or  hand  rotary  machines,  the  writer  is  keep- 
ing well  within  the  mark  in  stating  that  two  holes  can  be  drilled 
witk  these,  to  one  with  the  jumper-drill;  and  that,  under 
ordinary  conditions,  the  output  pt^r  shift  of  the  pair  of  men  can 
with  ease  lie  increased  fully  20  per  cent. 

In  addition  to  this  advantage,  the  diminished  amount  of 
physical  labour,  re<juircd  in  working  these  machines,  enables  men 
to  continue  mining,  who  would  have  been  compelled  to  abandon 
it,  if  restricted  to  the  jumper-drill ;    and  it  also  allows  youths. 
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Many  other  devices  of  niacliine  have  been  iiied^  suck  us  tlie] 
peudiilura-maeliiiie  (Fig,  9)i  which  b^-  an  an-angemeut  of  bevel* J 
wheels  gave  a  cutting  stroke  at  each  stroke  of  the  handle;  the] 
dt>uble-handled  ratcket -drill  (Fig,  7,  Plate  XV.),  and  otkers. 

Passing  over  these,  a  great  advancement  was  made  by  th6'^ 
i n trod xict ion  of  hand  rotary  machines  for  drilling  the  softer  stone; 
and  Messrs.  Gray  &  Tarbitts  machine  was  introdured  at  the^ 
South  Skeltnn  mines  (Figs.  10  and  11).  I 
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Flo.    14.— HaKHV   BotaRY   DRILLI^U-HACHIXtt. 

Mr,  William  HalTi}  machine  is  in  use  at  Messrs.  Pease  & 
Partners*,  Skinningrove  and  Uplcathani  miiies^  (Fig.  12);  wid  I 
Mr.  i\  Heslop's  machine,  more  suited  t^j  the  harder  ston#«  is  Ufted.! 
at  thi*ii  Lingdale  mines.  Mn  Kdm  Martin,  a  working  miiierr| 
intnidnred  a  simple^  but  useful  rotary  machine  at  thr  Skeltoai 
mine.  Messrs.  Blackett,  Hutton  ^  (/imipauy,  the  Hardy  Patentj 
Pick  t'ompany  and  Messrs.  John  Livingston  &  Sons  have  ii  lar 
number  of  their  machines  in  use  at  several  of  the  Clev^Uad  | 
mines  (Figs.  VU  1^  and  15), 

Fig.  Ifi  shews  a  miner  using  a  jumper-drilL 

zVmong  those  who  have  given  so  much  thought  and  attention  j 
to  the  development  of  drilling  by  ratchet  and  hand  rotary  maehin«i 


IlATniET    AND    HAND-MACHTVE    DHILLS. 

in  the  Clevelantl  mines,  the  nanips  of  niy  aisistants,  Mr.  Jiimes 
Thotupsoii  and  Mi\  William  Brooks,  deserve  partinilarlj  to  be 
mentioned. 


The  usual  prat  tire  ut  PlevehiiKl  hand-mriunj?  is  for  two  miners 
to  work  together  as  mates,  one  man  drilling  the  holes,  charging 
and  firing  the  shots,  while  the  other  man  breaks  up  and  fills  the 
stone  into  the  tubs  or  wagons. 

Many  experimental  trials  have  been  mafle  to  ascertain  the 
relative  time  oeeupied  in  drilling  by  the  jumper-drill,  the  rate  bet. 


I  FifS.    15.  — LtVlNGSTOlSE  RoTAliV  DRIl^LINR.MAOHINK- 

and  the  hand  rotary  machine,  and  in  some  casea  very  remarkable 
results  have  been  obtained.  Not  wishing  to  exaggerate  the 
value  of  the  ratchet  or  hand  rotary  machines,  the  writer  is  keep- 
ing well  within  the  mark  in  stating  that  two  holes  can  be  drilled 
with  these,  to  one  with  the  jumper-drill ;  and  that,  under 
ordinar>^  conditions,  the  output  per  shift  of  the  pair  of  men  ran 
with  ease  be  increased  fully  20  per  cent. 

In  addition  to  this  advantage,  the  diminished  amount  of 
physical  labour,  rft]uircd  in  working  these  machines,  enables  men 
to  continue  mining,  who  wnuld  have  been  compelled  to  abandon 
it,  if  restricted  to  the  jumper-drill ;    and  it  also  allows  youths. 
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3Iuay  other  devices  af  Diaeliine  bave  been  trie*],  such  as  ihe 
peiul Ilium- machine  (Fig.  9),  which  by  an  armngemeiit  of  bevel- 
wheels  gave  a  cutting  stroke  at  each  stroke  of  the  handle;  tbe 
ilouble-handletl  ratohet-drill  (Fig.  T,  Plate  XV.),  and  others.        ^ 

Piissing  over  these ,  a  great  advancement  wad  made  by  ih& 
introduction  of  hand  rotary  machines  for  drilling  the  softer  stone: 
and  Messrs.  Gray  &  Tarbitt*s  machine  was  introduced  at  the  ^ 
South  Skelton  mines  (Figs,  li)  and  11).  ■ 


Fii:.   14.— Hardy  Rotabtt  DacLtiMi  machitsk. 

Mr.  William  HalTti  machine  la  in  ueie  at  Messrs.  Pease  & 
Partners',  Skinningrove  and  I'pleatham  mines  (Fig.  12):  and 
Mr;  i'.  Henlop's  machine,  more  suited  to  the  harder  stone^  is  uied 
at  their  Lingdale  mines.  Mr.  John  Martin,  a  working  mmer^ 
introdiiceti  a  simple,  but  useful  rotary  machine  at  the  Skellon 
mine.  Messr*^.  Blackett,  Hutton  &  riuiipauy,  the  Hardy  Pateni 
Pick  t'ojnpany  and  Messrs.  John  Livingston  &  Sons  have  a  1 
number  of  their  machines  in  use  at  several  of  iUv  (levelaed 
mines  (Figs*  Vi,  14  and  15), 


Fig.  Hi  shews  a  miner  using  a  jumper-drill. 
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Among  those  who  have  given  so  much  thought  mid  attenltoii 
to  the  development  of  drilling  by  ratchet  and  hand  rotary  ninchineft 


in  the  CieTplami  mineB,  the  naiuei*  of  my  assistants,  Mr.  James 
Thoinpseiii  amt  Mr.  William  Brooks,  deservp  partirnlarly  to  he 
men  tio  tied. 

The  usual  practice  of  C*Ievelainl  hanil-Duniujf  is  for  two  miners 
to  work  together  as  mates,  one  man  drilling  the  holes,  charging 
and  firing  the  Bhots»  while  the  other  man  hreakg  np  and  fills  the 
i*toDe  iiiio  the  tubs  or  wagons. 

Many  experimental  trials  have  been  nuide  to  ascertain  the 
relative  time  m*cupied  in  drilling  by  the  jumper-drill,  the  ratchet, 


^^^H  Fig.  15.  — Lrvi ST ostone  Rotary  DRii^LiNrj-MACHiNE. 

^^Hd  the  hand  rotary  machine,  and  in  some  eases  very  remarkable 
Wresiilts  have  been  obtained.  Not  wishing  to  exaggerate  the 
"  valne  of  the  ratchet  or  hand  rotary  machines,  the  writer  m  keep- 
ing well  within  the  mark  in  stating  that  two  holes  can  be  drilled 
with  these,  to  one  with  the  jumper-drill;  and  that,  under 
ordinary  conditions,  the  output  per  shift  of  the  pair  of  men  can 
with  ease  he  increased  fullv  -0  per  cent. 

In  addition  to  this  advantage,  the  diminished  amount  of 
pbysiical  labour,  retiuired  in  working  these  machines,  enables  men 
to  continue  mining,  who  would  have  been  compelled  to  abandon 
it,  if  restrietetl  to  the  jumper-drill;    and  it  also  allowa  youths^ 


¥tfl.    14,— HaIIIJV   RotABV   DKILUMl-IUAcmi^fK. 

Mr,  William  Hall'^  marhiue  k  iu  uae  at  Mosars.  Pense  £ 
Partficr?**,  Skinningrove  and  T'plealbaiii  mines  (Fig*  12);  mud 
Mr.  l\  llt*itlop'ii  maeliiue,  moi'e  suited  tn  the  harder  stone,  is  uted 
at  their  Linifdale  mines*  Mr.  John  Martiti.  a  workitif?  niiiier».H 
intnulucetl  a  simple,  but  useful  rotary  miiebine  at  tht?  Skeltott 
mine.  Messrs.  lilaekett,  Hutton  k  i\»mpan>\  the  Hardy  Patent 
Firk  Ctjnipauy  and  Mt^^t-irs.  John  LiviiigsNjn  &  Sons  haTe  a  largo- 
number  tif  their  machines  in  u^  at  seveiial  o(  Uie  Clevi^lafid 
mines  (Figs.  Vi,  14  atid  16), 

Fig.  16  shews  a  niiner  using  a  jomper-drilk 

Among  those  who  have  given  so  much  thought  and  atteiitiaiir| 
to  the  development  of  drilling  by  nit^^het  anil  hand  rotary  machine 


E.4TCHRT    AN^D    HANTJ-MACUTXK    DRILLS, 


I 


in  tlie  CIeve]an<I  mines,  the  naniPs  of  my  assidtantat  Mr.  Jame* 

Thoiupson  and  Mi\  AVilliam  Brooks,  deserre  partifnilarly  to  be 
luentioned. 

The  usual  practice  of  rievehind  hand-niinio^  is  for  two  miners 
to  work  together  as  mates,  one  man  drilling  the  holes,  charging 
and  fifing  the  Bhotfi*  while  the  other  man  breaks  up  and  IiIIb  the 
etooe  iiiio  the  tuba  or  wagons. 

Many  experimental  trials  have  been  made  to  ascertain  the 
relative  time  oc*eupied  in  dnlling  by  the  jumper-drill,  the  ratchet. 


Fm.  15,— Livi,\*i8TONK  Rotary  lyrnhhtSG-MAvmnK, 

aad  tbe  hand  rotary  machine,  and  in  some  casea  very  remarkable 
results  have  been  fdituined.  Not  wishing  to  exaggerate  the 
rahie  of  the  ratchet  or  hand  rotary  maehineB,  the  writer  In  keep- 
ing well  within  the  mark  in  stating  that  two  holes  can  be  drilled 
with  these,  to  one  with  the  jumper-drill;  and  that,  under 
ordinary  conditlnns,  the  output  per  shift  of  the  pair  of  men  can 
with  eane  be  increased  fully  20  per  cent. 

In  addition  to  this  advantage,  the  diminished  amount  of 
physical  labfjur,  ref|uired  in  working  these  machines,  enables  men 
to  continue  mining,  who  wtnjld  have  been  compelled  to  abandon 
it,  if  restricted  to  the  jumper-drill ;    and  it  also  allows  youths^ 
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under  the  direction  of  their  fathers  or  other  men,  to  engage  ii 
DiiRiug  at  a  t»omparatively  early  age. 

Table  I.  showB  the  gradual  increase  in  the  use  of  ratehet  am 
other  hand^iiiaehine  drills  in  the  Cieveland  intiie^i  in  percent ai;i 
of  the  tat  ill  output  each  year. 
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Mr.  A.  L.  Steavenson  (Durham)  said  that  good  work  appeared 
to  have  been  done  by  the  drills  described  by  Mr.  Charlton,  but  in 
his  opinion  there  was  nothing  equal  to  an  electrically -driven 
drill,  which  only  re^iuired  one  skilled  man  to  look  after  it,  while 
unskilled  men  could  do  all  the  other  work  required  in  connection 
with  taking  down  the  ore.  Electric-drills  were  also  more 
economical  in  working  than  ratchet-drills- -good  as  these  latter 
were.  Many  of  the  members  had,  no  doubt,  seen  electrically- 
driven  drills  in  operation  at  the  mines  in  Cleveland  under  his 
charge. 

Mr.  >^'.  R.  Griffith  (Wrexham)  said  that  it  might  not  be  out 
of  place  for  him  to  mention  that  he  was  driving  a  drift,  in  metals, 
about  2  miles  long,  and  he  was  using  rotaiy  drills  worked  by  com- 
pressed air.  In  hard  rocks,  percussive  drills  were  used,  and  in 
shales  and  metals,  rotaiy  drills  were  used;  and  they  changed 
from  one  system  to  the  other,  according  to  the  nature  of  the 
strata.  If  rotajy  drills  would  not  bore  the  stone,  tnen  they  use<l 
percussive  drills,  the  drills  in  all  cases  being  driven  by  com- 
pressed air.  A  percussive  drill  did  not  appear  to  him  to  be  a 
very  scientific  piece  of  machinery,  because,  from  the  nature  of 
its  action,  it  was  knocking  itself  to  pieces  all  the  time  that  it  was 
working?.  He  had  not  had  any  experience  with  electrically- 
driven  rotary  drills,  and  they  might  possibly  have  a  great  future 
before  them. 

Mr.  AA".  Walker  (H.M.  Inspector  of  Mines)  wrote  that  he  had 
read  Mr.  Charlton's  paper  with  much  interest,  as  he  well  remem- 
bered the  introduction  of  rotary  drilling-machines,  driven  by  com- 
}iessed  air,  into  the  Cleveland  district — at  Stanghow  ironstone- 
mines  about  25  years  ago.  At  that  time,  it  was  thought,  and 
especially  by  the  miners,  that  the  circular  hole  would  not  pro- 
duce such  good  result*  as  the  triangular  one,  but  this  prejudice 
was  eventually  overcome,  and  at  the  present  time,  as  the  author 
states,  quite  one-third  of  the  Cleveland  ironstone  is  got  by  tne 
power-machines.  For  some  years,  even  after  the  introduction  of 
the  rotary  drilling-machine,  the  theory  that  percussive  drills 
were  best  suited  to  the  mining  of  Cleveland  ironstone  was  held 
by  many  of  the  mine-managers,  and  the  Eclipse  and  other  per- 
cussive machines,  driven  by  compressed  air,  were  introduced 
into  some  of  the  mines.     Eventually  it  was  decided  to  try  the 


184  DISCUSSION — RATCHET  AND   HAND-MACHIN£   DRILLS. 

rotary  drilling-machine,  in  the  same  mine  and  district  as  the 
percussive  machine,  for  a  period  of  three  months,  and  the 
result  proved  so  conclusively  the  superiority  of  the  former,  both 
as  regards  the  number  of  holes  drilled  and  the  quantity  of  iron- 
stone got  per  shift,  that  the  use  of  power  percussive  drills  was 
discontinued,  and,  at  the  present  time,  the  whole  of  the  power 
drilling-machines,  whether  driven  by  compressed  air  or  elec- 
tricity, are  rotary  machines  drilling  circular  holes. 

The  methods  adopted  to  dispense  with  the  props,  which  were 
at  first  set  between  the  roof  and  floor,  for  the  ratchet-machines  to 
be  set  against,  are  ingenious  and  simple,  and  allow  of  the  shot- 
holes  being  drilled  in  the  required  position  and  direction;  and, 
at  the  same  time,  one  man  can  be  drilling  holes,  while  the  other 
is  filling  away  the  stone  brought  down  by  previous  shots. 

One  point  is  not  mentioned  by  Mr.  Charlton  in  his  paper,  and 
that  IS  that  the  introdurtion  of  rotary  drilling-machines  was  the 
means  of  bringing  into  use  compressed  powder  in  the  shape  used 
at  all  the  mines  in  the  Cleveland  district  and  also,  to  a  large 
extent,  the  use  of  squibs,  both  of  which  have  no  doubt  increased 
the  safety  with  which  shot-firers  and  miners  can  do  their  work. 
In  the  old  days,  when  loose  powder  and  home-made  straws  were 
used,  as  they  were  with  the  hand  jumper-drill,  it  would  have 
been  a  physical  impossibility  for  the  shoi-firers  to  do  as  much 
work  as  they  do  now,  to  say  nothing  of  the  increased  safety.  At 
first,  compressed  pellets  were  introduced,  of  the  shape  of  the 
triangular  hole  produced  by  the  jumper-drill ;  but  it  was  found 
that  if  the  shot-hole  was  the  slightest  out  of  truth  the  pellets 
stuck,  and,  in  tiying  to  force  them  in,  many  miners  have  been 
more  or  less  injured.  Afterwards  spherical  pellets  were  adopted, 
with  such  success  that  they  have  been  used  ever  since,  for  both 
circular  and  triangular  holes,  although  with  a  triangular  hole 
great  care  has  to  be  exercised,  as  it  is  ver>'  easy  for,  say,  a  **  flat- 
trouted  "  hole  to  become  **  flat-bat^ked,'*  **  flat-topped  *'  or  **  flat- 
bottomed,"  or  vicf  vrrsu  ;  and,  if  this  occurs,  a  ledge  or  canch  in 
formed,  at  the  »\H)i  where  the  change  tak<»e  place,  in  the  hole, 
beyond  which  it  is  not  iH)ssible  to  pass  a  compressed  pellet  with- 
out using  force  which  is  highly  dangerous  and  a  breach  of  the 
Coal-mines  Regulation  Act  and  the  special  rules  current  in  the 
district. 
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Mr.  W.  Charlton,  replying  to  the  remarks  of  Mr.  A.  L. 
Steavenson,  said  that  his  object  in  writing  the  paper  was,  not  to 
make  comparisons  between  the  work  of  the  hand  machine-drills 
and  that  of  the  power-drills  (both  electric  and  compressed  air)  so 
successfully  worked  in  some  of  the  Cleveland  mines,  but  to  show 
how  jumper-drills  were  being  superseded  by  hand-machines. 
He  believed  that,  in  many  cases,  the  hand-machines  were  as 
economical  as  the  power-machines,  and  he  was  strengthened  in 
that  belief  by  the  figures  recorded  in  Table  I.,  showing  the  great 
increase  in  the  tonnage  wrought  by  hand-machines  in  recent 
years.  In  some  mines,  where  a  portion  of  the  ironstone  was  won 
by  jumper-drills,  and  the  remainder  by  power-machines,  the 
former  have  not  been  replaced  by  an  extension  of  the  use  of  the 
power-machines,  but  by  the  introduction  of  band-machines. 

The  President  (Sir  Lindsay  Wood,  Bart.)  moved  a  vote  of 
thanks  to  Mr.  William  Charlton  for  his  interesting  paper. 

Mr.  M.  Walton  Brown  seconded  the  resolution,  which  was 
cordially  approved. 


Mr.  C.  C.  Leach  read  the  following  paper  on  "  Superheated 
Steam  at  Seghill  Colliery  "  :  — 
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SUPERHEATED  STEAM  AT  SEGHILL  COLLIERY. 
By  C.  C.  leach. 


There  are  5  Lancashire  boilers,  30  feet  long  and  8  feet  in 
diameter,  4  are  worked  at  a  pressure  of  100  pounds  and  1  at  40 
pounds  per  square  inch,  and  they  provide  steam  for  the  pit  and 
shops.  When  the  low-pressure  boiler  is  off,  steam  is  passed 
through  a  reducing-valve  for  use  at  the  winding-engines. 

The  Dixon  superheater  (Figs.  1  and  2,  Plate  XVI.),  consists 
of  33  solid-drawn  steel  U  tubes,  IW  inches  in  outside  diameter, 
and  about  6  feet  long,  expanded  into  a  steel  plate  to  which  is 
bolted  a  cast-iron  box  with  a  vertical  division,  which  compels  the 
steam  from  the  boilers  to  enter  one  side  of  the  tubes,  and  pass  out 
by  the  other  side,  and  through  7 -inches  pipes  to  the  main  steam- 
pipe.  Each  superheater  has  a  small  dead-weight  safety-valve; 
and  steel  pockets  for  taking  the  temperatures  of  the  steam  on 
entering  and  leaving. 

The  superheaters  are  placed  vertically,  with  the  tubes  hang- 
ing downward,  in  the  downtake  flue  at  the  back  of  the  boilers, 
the  tubes  being  exposed  to  the  hot  gases  as  they  leave  the  fur- 
nace-flues. The  superheaters  are  carried  on  a  cast-iron  frame 
laid  across  the  opening  of  the  downtake  flue. 

This  superheater  is  simple,  easily  fixed,  easily  removed,  and 
ver>'  strong.  The  makers  have  recently  tested  a  similar  super- 
heater to  destruction.  At  a  pressure  of  400  pounds  per  square 
inch,  the  joint  between  the  top  box  and  the  tube-plate  began  to 
shew  signs  of  leakage,  which  increased  and  prevented  the  pres- 
suiv  from  rising  above  770  pounds  per  squan*  inch.  In  a  further 
test,  after  this  joint  was  remade,  a  pressure  of  900  pounds  per 
square  inch  was  obtained;  and,  after  bearing  this  pressure  for 
some  time,  the  top  of  the  cast-iron  box  cracked  along  the  root 
of  the  flange. 

The  first  superheater  was  put  in  and  connect<»d  on  December 
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19th,  1901,  the  pit-year  ending  2  days  later;  3  other  super- 
heaters were  comieeted  before  the  end  of  the  following  week ;  and 
superheating  was  thus  prartirally  started  during  the  first  week  of 
1902. 

Xo  alteration  was  made  to  the  steam -pi  pes,  beyond  taking  off 
the  radial  pipes,  turning  the  steam-jugs  round  on  the  boilers,  and 
coupling  the  superheaters  to  the  boilers  by  7  inches  cast-iron  pipes. 
An  expansion-joint  was  taken  out  of  the  low-pressure  range,  and 
2  radial  pipes  inserted,  so  that  the  plant  is  exactly  as  it  was,  ex- 
cept for  these  alterations. 

The  old  covering  is  still  on  the  old  pipes  and  boilers,  and  in 
the  usual  state  of  repair :  the  new  7  inches  pipes  were  covered 
with  magnesium  covering,  the  flanges  also  being  covered. 

Nothing  whatever  (except  to  keep  things  in  the  ordinary  work- 
ing repair),  has  been  done  to  any  of  the  engines,  or  to  any  pari 
of  the  plant,  since  the  superheaters  were  put  in,  so  that  the  tests 
are  made  under  the  ordinary  working  conditions. 

The  chimney,  5^  feet  by  5^  feet  at  the  bottom,  is  73  feet  high 
above  the  grate,  and  has  a  water-gauge  of  only  i  to  |  inch. 
Mechanical  stokers  are  used  with  moving  bars,  without  forced 
draught. 

Tests  of  10  hours  were  made  on  8  days  during  coal-work  in 
November,  1901,  before  the  superheaters  were  put  in;  and  on 
8  days  of  this  year,  so  as  to  ascertain  the  weight  of  small  coal 
burnt  at  the  boilers;  and  10  hours'  tests  were  also  made  with 
nuts,  and  with  duff  coal.  Table  I.  contains  a  summary  of  these 
tests. 

Table  I.  compares  the  saving  with  the  drawings  and  also  with 
the  indicated  horsepower,  and  it  may  be  of  interest  to  know  how 
the  horsepower  was  calculated. 

For  each  winding-engine,  a  separate  card  was  taken  from  each 
end  of  the  cylinder,  and  for  each  revolution  of  the  wind.  Each 
revolution  was  timed  to  1  second,  and  from  this  information  the 
indicated  horsepower  per  wind  was  obtained.  The  indicated 
horsepower  was  then  calculated  for  any  day,  from  the  number  of 
winds  based  upon  the  scores  drawn. 

The  hauling-engines  were  indicated  each  tenth  minute  for 
the  10  hours  of  coal-work,  giving  the  mean  average  pressure  per 
revolution.  Counters  were  fixed  on  the  engines,  and  from  the 
revolutions  the  indicated  horsepower  was  calculated  for  each  day. 
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The  fan,  pump  and  electric  engines  are  doing  constant  work. 
These  were  indicated  several  times  and  the  averages  taken,  and 
for  the  time  that  the  engine  was  running  the  power  was  divided 
over  the  10  hours. 

The  shop-and-screen  engines  were  indicated  every  5  minutes 
for  an  hour,  and  the  number  of  revolutions  per  minute  was  taken 
from  the  counters. 

The  power  of  the  two  donkey-pumps,  stoker,  gas,  upcast-shaft 
engine,  and  steam-hammer,  all  very  small  engines,  was  estimated. 

Superheating  has  enabled  the  colliery  to  be  worked  by  8  in- 
stead of  4  boilers,  burning  the  same  class  of  small  coal. 

The  percentage  of  the  coal  that  is  burnt,  calculated  on  the 
drawings,  does  not  agree  with  the  percentage  calculated  from  the 
indicated  horsepower ;  nor  should  it  do  so,  because  however  the 
drawings  may  vary,  certain  of  the  engines,  such  as  the  fan,  run 
at  a  uniform  horsepower. 

Superheating  with  4  boilers  only  eft'ec^ted  a  saving  of  2*28  per 
cent,  of  the  coals  burnt  per  indicated  horsepower  per  hour,  but 
with  3  boilers  the  saving  was  l'V2()  per  cent.  This  saving  is 
appai-ently  due  to  the  extra  heat  obtained  in  the  flue  by  burning 
more  coal  per  square  foot  of  grate  per  hour,  and  having  only 
3  instead  of  4  boilers  to  keep  hot. 

Table  I  [.—Water  Collected  from  Steam-pipes  and  Traps. 

:  '  Weight  of 


Averatfe 


Water 

OiiUWe  Surface  of  Plpf«.  Water     i     5*r,ii5^  Temi)erature  of  Air. 

perHonr.       '^»'« 

of  Pipe. 


Siiuare  Foet. 
•2J63 
3,036 


PoundH.  '   Pounds.  Degfi.  Fahr. 

813  ,     29-4  53  Not  Superheating 

391  1-2-8  52  Superheating 

Saving  by  Superheating.        |     422  I     16*6 


Superheating  with  2  boilers  shewed  a  saving  of  22*90  per 
cent. :  this  further  saving  being  probably  due  to  the  same  causes. 

The  water  collected  from  the  pipes  and  engine-jackets  at  each 
steam-trap  was  averaged  for  the  day;  and  Table  II.  records  the 
averages  of  5  days. 
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To  ascertain  the  degree  of  superheating,  the  temperatures 
were  taken  by  2  mernirial  thermometers,  tested  and  corrected  at 
Kew :  the  steel  |M»oket8  in  the  siiperheatei s  and  engines,  being 
filled  with  mercury,  and  the  thermometers  placed  in  them.  The 
flue-temperatures  were  taken  by  a  mercury-thai  pot  ass  i  meter  in 
the  downtake-flue. 

The  diagram  (Fig.  •),  Plate  XVI.)  shews  the  constant  varia- 
tions of  temperatures  observed,  each  minute  for  an  hour,  both  of 
the  flue  and  of  the  steam,  for  (me  set  of  readings.  The  bars  were 
moving,  and  the  boilei-s  were  hand-fired,  with  a  mixture  of  small 
coal  and  IH  iM»r  cent,  of  rough  nuts.  Tabl'*  III.  contains  a  sr.iu- 
mary  of  the  t(»mi)eratures  of  the  flue  and  superheater,  obsen'ed 
under  difterent  conditions:  the  average  of  the  observaticms  taken 
at  intervals  of  one  minute  being  recorded. 

TaIILK  III.  -  TkMI'KRATURKS  UK  THE  FH'K  AND  Sui'KKHKATKK. 
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The  highest  teiiiiM»rature  of  siiptM'lieated  steam  o]>serve«l  at 
the  superlusiters  was  ^hVy^  Fahr.,  when  4  bcn'lers  were  working, 
fired  with  small  c(»al  ami  abc»ut  1<>  per  cent,  of  rough  nuts. 

Tabh»  IV.  shews  the  amount  (»f  superheat  and  the  temperature 
of  tin*  st«»ani  at  the  various  engines,  and  also  the  distance  of  each 
engine  fi(»m  th(>   main   steam-range. 

It  ni;iy  be  mentioned  that,  owing  tn  the  increase  of  tempera- 
ture of  the  steam,  lM»tter  cylinder-oil  has  b«M»n  used.  During  the 
fir>t  half-year  of  IJMIl,  the  t>ngines  used  114  gallons  (»f  cylinder- 
oil,  costing,  at  Is.  od.  |)«*r  giillon.   £10   Is.,  and  during  the  first 
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half-year  of  1902,  when  superheating,  130^  gallons  of  oil  were 
used,  costing,  at  Is.  9d.  per  gallon,  £11  18s.  lOd.    This  oil  has  a 
j^.tH%"  point  of  582°  Fahr.  in  the  close  test. 

Table  IV.     SupKaHEAT  of  the  Steam  at  the  various  Engines. 
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XoTE.— Where  a  minus  aign  occurs  in  this  table,  the  superheai  of  the  steam  has  been  lost,  and  the 
lower  temperature  is  due  to  the  pressure  of  the  steam  having  fallen. 

There  has  been  no  breakdown  of  any  kind,  and  the  cylinders 
when  examined  have  shewn  no  ill  eft'ects  whatever  with  the  above 
oil ;  but  it  should  be  noted  that  all  the  engines  are  recent  ones, 
with  the  exception  of  the  two  winding-engines,  and  none  of  the 
huger  engines  have  slide-valves. 


Mr.  H.  C.  Peake  (Walsull)  asked  whetlier  it  had  been  found 
necessary  to  make  any  alteration  in  the  engine-packing,  and,  if 
so,  what  packing  was  now  used  ;  and  what  was  the  approximate 
cost  per  boiler  of  the  superheiiters. 

Mr.  J.  A.  G.  Ross  (Xewca«tle-upon-Tyne)  asked  whether  he 
correctly  understood  that  there  was  20  per  cent,  of  loss  from  the 
use  of  superheated  steam  with  5  boilers.  If  so,  it  was  extra- 
ordinary, because  the  generally  accepted  idea  in  both  theory^  and 
practice  was  that  considerable  economy  was  attained  by  the  use 
of  superheated  steam ;  but  the  great  heat  imparted  to  the  steam, 
involved  the  necessity  of  high  pressures  and  the  use  of  metallic 
packing.     From  Table  I.,  it  appeared  that  with  2  boilers  there 
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was  a  saving  of  22*96  per  cent.;  with  Ji  boilers,  13'2G  per  cent.: 
with  4  boilers,  only  2*28  per  cent.,  and  if  that  curve  were  continuetl, 
they  would  soon  have  the  extraordinary  result  that  there  must  be 
a  tremendous  saving  by  having  no  boilers.  A  great  advantafre 
accompanying  the  use  of  superheated  steam  was  not  merely  the 
economy,  but  the  advantage  in  the  expansion  of  the  steam. 
When  used  in  a  highly  expansive  way  in  the  cylinder,  the 
terminal  pressure  was  maintained,  and  that  allowed  the  initial 
pressure  to  be  reduced ;  consequently  a  lower  boiler-pressure 
could  be  used,  and  the  various  parts  of  the  engine  were  subjecte<l 
to  lower  strains. 

Mr.  T.  H.  Bailey  (Uirminghani)  enquired  as  to  the  quality  of 
the  water,  and  whether  the  pipes  of  the  superheater  had  been 
*'  furred." 

Mr.  P.  KiRKrp  (Birtley)  asked  whether  the  same  kind  of  pack- 
ing was  used  for  the  steam-pipes,  and  what  was  the  distance  from 
the  8ui>erheaters  or  from  the  boilei-s  to  the  engines.  In  modern 
steam -practice,  it  was  important,  when  steam  was  »uperheate<l. 
that  the  engines  should  be  placed  as  near  as  possible  to  the  super- 
heater, lie  further  asked  whether  any  of  the  engines  were  com- 
pound and  condensing. 

Mr.  H.  R.  Hewitt  (II. M.  Inspector  of  Mines,  Derby)  said  that 
it  was  goiierally  understood  that  su|M»rlieating  and  dryinL'  of 
steam  j)ro(lucc(l  ccononiiral  results,  and  he  was  surprise<l  that  thoy 
were  not  more  generally  adopted.  Could  Mr.  Loach  explain  which 
was  the  most  e<'ononiical  system:-  Working  '"»  lK>ilers  burniair 
slack,  and  no  superheating,  or  working  2  boilers  with  superheat- 
ing, and  burning  nut-coals y  The  results  would  have  been  nmn* 
reliable  if  all  the  small  engines  had  been  indicated,  avoiding  tho 
necessity  of  estimating  tlicir  iMUsepowcr,  as  it  is  well  known  that 
small  eniriiics  are  wasteful  users  of  steam.  He  presumed  that 
Mr.  Lcacli  tcK)k  the  diagram  for  each  revolution  of  the  winding- 
engine  on  eacli  stmke  of  succeeding  winds,  the  tirst  stroke  of  thf 
liist  wind,  ami  the  second  stroke  of  the  scctuid,  and  so  on  t*»  the 
end. 

Mr.  K.  K.  niiNMH'  (Seaton  Delaval)  aske<l  what  was  the  saving* 
after  allowing:  for  interest  on  capital  and  depreciation,  and  reckon- 
in.'  small  coal  at  •')s.  ]  cr  t(»n. 
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Mr.  W.  ('.  Blackktt  (Durham)  appreoiate<l  the  amount  of 
hanl  work  involved  in  makin^jf  the  lengthy  experiments  which 
had  been  recorded  in  the  paper.  The  subject  was  a  very  practical 
one,  and  he  would  be  ji^lad  to  hear  the  experience  of  other  prentle- 
men,  who  had  introduced  superb eatinpf  plant  at  collieries.  He 
asked  whether  it  had  been  found  necessary  to  make  any  enlarge- 
ment of  the  flues  when  erecting  the  superheaters. 

Mr.  G.  A.  Mitchell  (Glasjjow)  asked  whether  any  experiments 
had  been  made  with  -S  boilers,  working?  without  superheating, 
which  could  be  compared  with  the  figures  when  superheating; 
and  whether  the  chimney  was  of  sufficient  size  to  give  full  work 
to  the  boilers. 

Mr.  J.  W.  Fryar  (Mansfield)  said  that  as  he  was  using  super- 
heate<l  steam,  Mr.  Leach's  paper  was  of  great  interest  and  value. 
He  had  experienced  difficulty,  with  superheated  steam,  in  getting 
the  superheat  from  the  boiler  to  the  engine.  In  a  new  plant  which 
he  had  recently  ere<»te<l,  superheaters  similar  t^)  those  mentioned 
in  the  paper  were  employed,  and  although  in  many  cases  he  had 
as  much  as  G00°  or  700°  Fahr.  at  the  superheater,  at  the  engine, 
-M)  or  40  feet  distant,  there  was  practically  no  atlvantage,  despite 
all  pipes  and  joints  being  protected  with  asbestos-covering. 
Possibly  this  loss  was  due  to  the  fact  that  the  engines  were  not  at 
full  work,  and  did  not  take  steam  quickly  enough  along  the  pipes 
from  the  superheaters. 

The  Chairman  (Mr.  J.  S.  Dixon,  Glasgow)  said  that  he  was 
interested  in  the  packing  of  the  joints  of  steam-pipes ;  and 
difficulties  were  encountered,  even  with  pressures  of  120  pounds 
per  square  inch. 

Mr.  C.  C.  Leach,  replying  to  the  discussion,  said  that  there 
had  been  no  alteration  in  the  engine- pac ki ng ;  metallic  packing 
was  used  for  the  piston-rods,  except  on  the  two  winding-engines 
and  donkey-engines,  where  ordinary  soft  packing  was  used.  The 
cost  of  the  superheater  and  steam-pipes  was  about  £125  per  boiler, 
but  the  cost  depended  partly  on  the  arrangement  of  the  steam- 
pipes.  When  there  was  a  loss  of  20*8  per  cent.,  this  was  com- 
paring the  weight  of  duff-coal  burned  under  5  boilers  with  the 
amount  of  small  coal  bunied  under  4  boilers,  before  the  super- 
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heaters  were  used ;  and  this  loss  was  due  to  using  the  very  lowest 
grade   of   coal,   and    in   boiling   5    instead   of  4   boilers.       Tlie 
diagram  (Fig.  *!,  Plate  XVI.)  shewed  Ihat  the  amount  of  super- 
heat was  erratic,  and  it  was  difficult  to  explain  why  one  engine 
obtained  superheat  and  the  next  engine  had  none.       There  had 
been  no  alteration  as  regards  the  expansion  of  steam,  be<*ause  all 
the  engines,  except  the  two  winding-engines  and  donkey-engines, 
were  worked   expansively.     The  (juality  of  the  water  was   not 
good;*  it  contained  a  considerable  quantity  of  sulphates  (about 
30  grains  to  the  gallon),  and  it  was  treated  with  caustic-soda.   He 
could  not  say  whether  there  was  any  deposit  in  the  inside  of  the 
superheater-pipes,  as  he  had  not  seen  tKem.     The  water  did  ant 
go  into  the  superheater,  except  what  little  might  prime  over,  and 
steam  did  not  leave  any  **  furring.**     No  packing  was  use<l  for 
the  steam-pipes,  metal-to-metal   joints  were  used   with   elastir 
cement  between  them,  and  therefore  nothing  could  blow  out  or 
be  burnt.     The  cement  was  plastered  on  to  corrugated  rings,  and 
the  joints  were  closed  with  nuts  and  bolts.     Manganese-cenieut 
had  been  used,  but  it  was  no  better  than  the  ordinaiy  cement 
employed  at  the  colliery,  and  they  continued  using  the  latter 
The  distances  from  the  engines  to  the  boilers  was  one  of  the  diffi- 
culties of  deciding  if  superheat  would  be  of  any  advantage,  ami 
the   engine   neai*est   to   the   boilers   showed   the   most   superheat. 
Konc  of  the  engines  were  compound,  and  the  two  vertical  wind- 
ing-engines and  the  pumping-engines  were  the  only  ones  i\\U*A 
with  condensers.    Ail  the  pipes  were  rast-inm,  with  planed  joints*, 
and  tlM»re  had  been  no  break(lc»wns  or  fractures. 

lie  had  no  information  as  to  the  result  of  working  -1  boilers 
without  siij)erln»ating,  as  '\  boilers  without  superheating  ditl  not 
su])ply  suttiricnt  steam  for  the  reipiirenients  of  the  colliery.  Th^ 
chiinn(\v  was  T-{  feet  hi^di,  and  small  for  the  work  :  but  if  th** 
draught  hal  hetMi  better,  it  is  [irobiibh^  that  higher  results  would 
have  been  obtained  with  the  inferior  <•().» Is.  As  to  the  relative 
o<*onomy  i>l  firing  'J  boiltMs  with  small  coal  or  ')  1)oilers  with  duff- 
coal,  if  till'  nieinhers  fixed  their  own  ])iires  on  the  different  kind" 
of  coal  they  would  see  which  c«»st  the  least. 

He  (Mr.  L«»ach)  would  iwX  have  been  able  to  indicate  so  many 
o.  tln»  engines  as  he  did,  excej)t  for  the  able  assistance  atftade*! 
him  by  his  engineer  and  mining-apprentices.  The  windinjf- 
enjines  were  indicated  during  each  revolution  of  a  win«l :    the 

*  'riif  total  BjliiLi  lii-e  118  gra.iis  in  I  gallon  of  tho  WAivr. 
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first  revolution  beinpr  taken  of  one  wind,  aud  tlio  next  revolution 
of  the  second,  and  so  on  for  the  top  end  of  the  cylinder,  and 
similarly  for  the  bottom  end,  and  the  time  was  taken  with  a 
racing  watch,  to  0*2  second. 

There  was  a  difficulty  in  getting  the  superheat  to  the  engines, 
as  it  was  speedily  dissipated.  It  was  perhaps  more  difficult  at 
Seghill  colliery,  because  most  of  the  steam-pipes  were  too  lai*ge 
in  diameter,  and  presented  a  large  cooling-surface,  and  the  cover- 
ing on  the  pipes,  when  the  experiments  were  made,  had  been  upon 
them  for  some  yeai-s.  Since  then,  new  covering  had  been  put  on 
to  the  pipes.  In  the  case  of  the  engine  receiving  no  superheat,  of 
course  it  was  being  lost :  it  was  difficult  to  prevent  radiation ; 
possibly  the  places  of  loss  might  be  discovered  by  taking  the 
temperatures  in  pockets  on  the  steam-pipes.  There  was  little 
alteration  to  the  flues ;  these  were  rather  narrow,  and  liad  been 
widened  to  take  in  the  cradles  and  the  superheaters. 

The  horsepower  of  the  donkey-engines  having  been  calculated 
(and  not  indicated),  did  not  alter  the  results,  because  they  wen* 
all  at  work  before  superheating  was  introduced,  and  altogether 
they  did  not  amount  to  much.  The  question  of  expansion  in  no 
way  altered  the  results,  because  all  the  engines  were  working 
exactly  as  they  did  before.  The  governors  cut  olf  the  steam  auto- 
matically and,  naturally,  did  so  earlier  when  there  was  less  con- 
densation in  the  cylinders  (due  to  the  superheating)  and  this 
was  one  part  of  the  economy.  High  economy  could  not  be  ob- 
tained without  much  greater  strains,  but  these  did  not  increase 
the  risks  with  proper  machinery.  Although  the  superheat  might 
have  disappeared  before  the  steam  reached  the  engine,  the  steam 
was  drier,  or,  at  any  rate,  had  not  had  so  much  water  condensed 
out  of  it,  in  the  pipes,  and  therefore,  even  in  these  cases  he  (Mr. 
Leach)  believed  that  there  was  a  saving.  Superheated  steam  was 
said  to  travel  more  quickly  through  pipes  than  saturated  steam; 
but  there  seemed  to  be  no  tests  to  prove  this  or  its  extent,  or  how 
much  smaller  the  steam-pipes  ought  to  be.  The  use  of  supei*- 
heated  steam  increased  the  speed  of  the  winding,  but  he  (Mr. 
Leach)  had  not  sufficient  records  from  which  to  compute  a  reliable 
average. 

From  the  end  of  No.  3  pay,  1902,  by  which  time  the  super- 
heaters were  worked  properly,  to  the  end  of  No.  25  pay,  or 
44   weeks,   the   coal    burnt   at   the   boilers   day   and   night   was 
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1-1233   per  cent,   of  the  drawings,   and   the  lowest  fortnightly 
average  was  1*01  per  cent.* 

The  Chairman-  (Mr.  J.  S.  Dixon),  in  proposing  a  vote  of  thanks 
to  Mr.  C.  C.  Leach  for  his  valuable  paper,  remarked  that  of  the 
coal  produced,  about  1  per  cent,  was  used  during  coal-work 
at  Seghill  collierj-  for  steam-production.  He  thought  that  this 
was  a  very  low  fijrure,  and  he  understood  that  7^  per  cent,  was 
not  considered  unreasonable  at  many  collieries. 

Mr.  W.  C.  Blackett  (Durham),  in  seconding  the  vote  of 
thanks,  said  that  most  of  the  members  knew  how  much  time  and 
trouble  had  been  taken  by  Mr.  Leach  to  secure  the  most 
economical  results  at  Seghill  colliery.  The  paper  was  par- 
ticularly interesting,  as  shewing  the  application  of  the  principle 
of  superheating  steam  at  an  old  colliery.  He  would  be  rather 
ashamed  of  any  colliery,  under  ordinary  conditions,  in  Durham 
or  Noi-thumberland,  at  which  the  coal  used  both  for  engines  and 
tlie  supply  of  fire-coal  to  workmen  reach e<l  74  per  cent,  of  the 
proilurtion. 

The  vote  of  thanks  was  cordially  approved. 


Mr.  J.  H.  Simpson  read  the  following  paper  on  "The  Proba- 
bility of  Finding  Workable  Seams  of  Coal  in  the  Carboniferous 
Limestone  or  liernician  Formation,  beneath  the  Regular  Coal- 
measures  of  Northumberland  and  Durham,  with  an  Account  of 
11  recent  Deep  Horing  made,  in  Chopwell  Woods,  below  the 
Hi«»ckw(»ll   Soinn  "  :  - 


*  The  coal  burnt  at  the  Imileis,  day  and  night,  in  1902,  was  1*1179  per  cent, 
of  tlie  drawings,  and  tlie  lowett  fortnightly  average  was  1  01  per  cent. 
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THE  PROBABILITY  OF  FINDING  WORKABLK  SEAMS 
OF  COAL  IN  THE  CARBONIFEIlorS  LIMESTONE 
OR  BERNICIAN  FORMATION,  BENEATH  THE 
REGULAR  COAL-MEASURES  OF  NORTH  UMBER- 
LAND  AND  DURHAM,  WITH  AN  AC(^OT  NT  OF  A 
RECENT  DEEP  BORING  MADP;  IN  CHOPWELL 
WOODS,  BELOW  THE  BROCKWELL   SEAM. 


Bv  J.  B.  SIMPSON. 


I.  Introdiction. 

The  Royal  Coal  Commission  in  1871,  in  estimating  tlie  quan- 
tities of  coal  remaining  unworked  in  the  counties  of  Northumber- 
1»  TM^A  and  Durham,  dealt  first  with  the  coal  in  the  upper  or  regular 
t'o  ^-measures  and  then  with  the  coal  in  the  Lower  ('arboniferous 
i"CM3l8  where  they  appear  on  the  surface  over  a  large  area,  chiefly 
*^  Northumberland.  The  Royal  (commissioners  seem  to  have 
^i  sxegarded  the  probability  of  coal  being  found  in  the  Limestone- 
■^^^  insures  which  underlie  the  regular  Coal-measures  of  the  Great 
-^c^Tthern  coal-field. 

The  writer,  in  his  address  to  the  Students  of  the  Newcastle 
^^^neh  of  the  Institution  of  Civil  Engineers  in  1890,  referring  to 
**^is  point,  said:  — 

I  may  add  that  the  Carboniferous  or  Mountain  Limestone  fonuatiou  is  not 

^*>*  found  in  the  greater  portion  of  Northumberland  and  a  considenible  portion  of 

^^^'liam,  but  it  will  naturally  underlie  the  whole  of  the   Nortli  umber  land  and 

.    ^^'liam  coal-field.     In  fact,  beneath  our  feet  is  another  unexplored  coaUtield,  and 
it, 

'^ould  be    a  most   interesting  geological   investigation,   as   well  as   of  truly 

r^'^^mercial  and  national  importance,  if  workable  seams  at  mcKlerate  deptlis  co\ild 

r^   proved.    If  this  should  be  the  case,  and  coal  could  Ikj  woiked  tlierefrom,  it  u ould 

r^     preferable  to  working  from  the  same  formation  in  the   middle   of   Northum- 

^land,  as  it  would  enable  the  present  shafts  and  railways  to  be  utilized  and 

^"•^^nded  for  its  winning.     Bore-holes,  in  the  first  instance,  would  throw  a  con- 

^^^rable  light  on  the  subject,  and  could,  with  no  great  expense,  be  made  f^'om  the 

^^"ttiom  of  some  of  our  shafts  from  what  is  usually  termed  the  lowest  workable 

^*^*tt,  the  *'  Brock  well."    From  this  point,  there  are  not  supposed  to  be  any  seama 

^^    Hiuch  importance  until  the  Limestone  formation  is  reached,  and  it  is  probable 

"^^t  coal  of  workable  thickness  may  be  met  with  within  1,000  feet  below  the 

^rockwell  seam. 
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The  object  of  this  paper  is  to  record  what  is  known  of  the  seams 
of  coal,  either  by  actual  sinking  or  by  bore-holes  beneath  tb;» 
Brockwell  seam,  and  to  consider  chiefly  what  prospects  there  are 
of  workable  seams  being  found,  especially  in  the  Mountain  Lime- 
stone-formation under  the  regular  Coal-measures. 

From  what  is  known  of  the  occuiTence  of  coal-seams  under  the 
area  where  the  Lower  (Jaiboniferous  formation  comes  to  the  sur- 
face, it  is  reasonable  to  suppose  that  those  seams  may  continue 
under  the  regular  coal-field ;  and,  if  so,  their  working  would  at^d 
considerably  to  the  duration  of  our  northern  coal-field.  From 
the  former  area,  for  many  yejirs,  coal  has  been  worked  and  is 
now  being  worked,  in  many  places,  at  the  outcrop  and  from 
shallow  pits,  but  the  output  is  not  large  and  the  quality  of  the 
coal  in  many  places  is  inferior. 

The  geological  map  (Fig.  1,  Plate  XVII.),  shews  the  area  of  the 
various  formations  in  Northumberland  and  ])urham,  and  it  will  be 
seen  that  the  (Carboniferous  Limestone  and  Millstone  Grit  occupy 
extensive  areas  as  compared  with  the  regular  Coal-measures, 
the  relative  areas  being  1,500  square  miles  of  the  former  and  700 
square  miles  of  the  latter  (including  the  coal  under  the  Permian 
formation),  the  coal  under  the  sea  not  being  taken  into  considera- 
tion in  either  casv. 

II.    l{K(il  LAK  CoAL-MKASritKS. 

It  is  not  necessary  to  refer  to  these  more,  than  to  say  that  their 
total  thickness  may  be  taken  at  1,850  feet  down  to  the  base  of  the 
Brockwell  seam,  and  in  this  depth  there  are  about  2G  seams  ot 
coal,  vaiying  from  TJ  inches  to  perhaps  7  or  8  feet  in  thickness, 
and  amounting  in  the  airgregate  to  about  80  feet. 

III.    MiLLSTOXK   GkIT    SkRIKS. 

For  present  purposes,  these  measures  include  the  strata  from 
the  Brockwell  seam,  including  the  Millstone  Grit  proper,  to  the 
lop  of  the  Lowe-  Carboniferous  Limestone.  This  depth  is  esti- 
mated by  Mr.  \Vt»stgarth  Foster,  and  others,  at  alnrnt  000  feet,  but 
few  direct  borings  have  been  made  from  the  Brockwell  seam  direct 
to  the  limestones.  At  Tuclhoe  colliery,  it  is  recrorded  that  a  bore- 
hole met  with  limestone,  ^U  feet  thick,  at  a  depth  of  514  feet  below 
the  Brockwell  seam.  The  recent  lM)rings  made  in  (Miopwell  AVoods 
(which  wr  shall  discuss  further  on)  went  direct  to  the  limestime, 
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passing  through  several  beds,  and  met  with  the  first  limestone 
at  481  feet  below  the  Brockwell  seam  (probably  this  was  the  Fell 
Top  limestone). 

In  this  depth  or  zone,  some  3  or  4  thin  coal-seams  varying 
from  6  inches  to  2^  feet  in  thickness,  and  not  more  than  G  feet  in 
all,  have  been  found  in  various  localities  in  the  upper  portion,  but 
only  two  seams  appear  to  be  worked  in  any  locality  and  that  only 
at  a  few  places  in  the  two  counties  (Fig.  2,  Plate  XVIII.). 

On  Tyneside,  the  only  place  where  a  seam  has  been  worked  in 
this  zone  has  been  at  Eltringham  colliery,  near  Prudhoe.  Thei-e, 
the  Brockwell  seam  is  found  at  a  depth  of  187  feet  8  inches ;  and 
the  shaft  was  sunk  further  to  the  following  seams  :  — 


No.  1       

No.  2        

No.  3       

No.  4,  cannel  

The  lower  seam  was  worked  for  a  few  years,  it«  average  thick- 
ness being  :  cannel,  2  feet ;  and  coal,  below,  1  foot.  The  working 
has  been  abandoned,  owing  to  the  cannel  having  been  replaced  by 
inferior  coal. 

At  West  Wylam  colliery,  a  stone-drift  has  proved  the  following 
thin  seams  below  the  Brockwell  seam :  — 


ThickneM 

of 

Coal-seama. 

Pt  Ins. 

Depth  below 

the  KrockweU 

Seam. 

Ft.  Ins. 

1     6 

11      9 

0    6 

29    4 

1     3 

45    9 

1    6 

83  10 

Coal-flcamci. 

Thickneau      Depth  below 
of           theBrockwoll 

Ft.  Ins,           Pt.  In«. 

No.  1 

0    6          22    3 

No.  2 

0    4          28    7 

No.  3 

10         30    7 

No.  4 

0    6         37  10 

No.  5 

0    7          54  11 

No.  6 

0    9          72    8 

No.  7 

... 

0    9        141     5 

No  more 

coal 

was  proved  down  to 

210    2 

At  Hedley  landsale  colliery,  2  miles  south-east  from  Stocks 

field  station,  a 

boring  proved  the  following 

seams  below  the  Brock 

well  seam:  — 

Coul-Heaiiix. 

Thioknem       ])e|ilh  lielow 
of           the  Brwkwell 
Coal-seaiiiH.           St-Hiii. 
Ft.  Ins.           Ft.  ln«. 

No.  1 

0     6             48      8 

No.  2 

... 

0    6          57     1 

No.  3 

...           ...           . .•           ••  •           ... 

15          76    3 

No.  4 

... 

... 

0    6\       108    0 

No  more 

coal 

was  proved  down  to   ... 

186    0 
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In  Stella  village,  near  Blaj'don,  a  boring  made  there  met  wi 
the  following  seams:-- 


ThickntfM 

of 

Coal-M»mj(. 

Ft.  Ins. 

D«|iih  t«low 

the  KnMkwirll 

Seau. 

Ft.  Inn. 

0     4 

16    9 

1      1 

69    5 

1      6 

85  11 

Tbu*kiR-iw 

<if 

Coal-aeiftiiitt 

Ft.  Iiui 

Ihr  an»-kwfll 
Mt-imi. 

Ft.     IlIK 

1      1 

45     9 

0     1 

80   r> 

0     I 

94     4 

0     9 

108     4 

0    2 

14S     7 

0    9 

196     6 

0    3 

223    6 

0    5 

270    9 

No.  1         

No.  2  

No.  3       

At  Chopwell  colliery,  a  bore-hole  was  put  down  below  tJ 
Brockwell  seam  in  1795,  but  only  thin  seams  were  met  with 
follows :  — 


No.  1       

No.  2       

No.  3        

No.  4       

No.  5  

No.  6         

No.  7  

No.  8         

At  Uedheugh  colliery,  a  boring  below  the  KnK'kwell  sean 
at  a  depth  of  575  feet  4  inches,  proved  the  following  seams:  — 

ThUkiiciw       ]>t-|ith  U-Iitw 
('■>:ilM*aiii».  of  till-  ltr<Kk»-fll 

C(Nll-lM-tilIIH.  St-Ulli. 

No.  1        

No.  2        ...  

No.  3        

No.  4  

No  more  coal  wa«  proved  down  to 

A  l)(U«»-ln)le  from  tlu'  liow  Main  .scam  at  the  H  pit,  Hackwdrt 
coUierv,  proved  1h(»  tolh)wing  stNiius,  ('(Miiiueacing  at  a  depth  t 
l)4J>  feel  7  inches  : 


Xn.  1 
Nn.  2 
Sn.  3 
\n.    » 

N«».  .'» 


No.  (>        

N...  7 
N«>.  s 
.N'o  Hiiin-  i-otil  was  |irovrd  down  l<i 

'  TliM  ui.o  ^••'  I'o   ItriN  kwi  'A  ->■  .1111,  ii->iii  Hr.  |.-iiii 


Ft.  Iiw. 

H 

III^. 

1     0 

76 

11 

0    9 

S7 

o 

1     1 
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9 

0    S 
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I.kS 

"2 
3 

Thi.k 

ChiI  n> 
Ki. 

f 

■Ulllo 

Drpili  UJ..W 
thf  litiw  M;iiii 

Ft    III. 

2 

6 

275    7 
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1 

282     3 

1 

11 

;CiS    2 
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1 
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o 

9- 

492     2 

l>.|>th  \wUm 
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54     5 

1 
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At  Cramlington  colliery,  below  the  suppose^l  Brockwell  seam 
in  the  Betsy  pit,  the  following  seams  have  been  proved  by  a 
bore-hole :  — 


Coal-«eaing. 

Thickneiw 

of 

Co»I-iic«iuii. 

Ft.  Iiw. 

Deuthbfil< 
theBrockti 
Seam. 
Ft.  Ins. 

No.  1,  including  6  inches  of  band     ... 

1   11 

33  11 

No.  2       

0     4 

48     3 

No.  3       

0  10 

88    7 

No.  4       

0   10 

145    2 

No.  5,  including  16  inches  of  band  ... 

2    9 

189  10 

No.  6       

0  10 

317  11 

No.  7       

0    8 

361     3 

No  more  coal  was  proved  to  .. 

412    7 

These  bore-holes,  etc.,  seem  to  exhaust  all  that  is  known  in  the 
Tyneside  district.  It  is  possible  that,  in  some  localities,  these 
seams  may  be  of  greater  thickness,  but  up  to  the  present  time  the 
information  we  have  proves  that  in  this  zone  the  two  seams  of  any 
moment  do  not  exceed  from  1  foot  to  2  feet  each. 

In  South  Durham,  the  record  is  about  the  same.  At  Witton 
Park  colliery,  a  boring  made  below  the  Brockwell  found  the 
following  seams :  — 


Thicknew      Depth  lielow 
of  the*  Brock wvU 


Co&l-aeftmju 

Seam 

Ft.  Inn. 

Ft    Iiw 

No.  1 

0     4 

47    0 

No.  2 

... 

0    6 

73    1 

No.  3 

... 

1     5 

77    6 

No.  4 

0    4 

124    2 

No.  5 

...         ... 

1     8 

127     1 

No.  6 

... 

1     8 

177    4 

No.  7 

... 

0     7 

225    9 

No  more 

1 coal  or 

limestone  was  proved  down  to 

630    2 

Another  bore-hole  in  Beechburn  royalty,  not  far  distant,  gave 
the  following  result:  — 


Thiokn»*»«  Depth  UiUtw 

of  the  Brockwell 

Co»l-Ht'aniH.  Heam. 

Ft.    lllH.  Ft.    I  Hi*. 


No.  1  or  Victoria 

No.  2  or  Marshall  Oreen 


2    0 
1     5 


70    3 
128    0 


At  Tudhoo  colliery,  a  boring  below  the  Brockwell  seam  found 
the  following  seams:  — 
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ThickneM  Deiilh  bdow 

Ooal-neamR.  of  the  BrockwU 

Coftl-Munn.  8c»in. 

Ft.  Ijm.  Ft.  Iiu. 

No.  1          0  1  13   11 

No.  2       0  6  140    6 

No.  3       0  4  166  10 

No.  4  0  4  227    4 

No.  6        1  6  338    0 

Limestone           3  6  514    0 

No  more  coal  or  limestone  was  proved  down  to  ...  609    0 

The  Victoria  coal-soam  has  been  found  at  Beerhburn,  Broor^i'^' ' 
park,  Butterknowle,  Cohlknott,  Ktherley,  Harperley  Gate,  Witt^  *  "^^ 
Junction,  and  WotKlifield  ;  and  it  is  (the  writer  believes)  on.  1  ^ 
worked  at  one  or  two  of  these  places,  the  heif^ht  being:  not  mc^  ^  ~* 
than  2  feet. 

The  Marshall  Green  coal-seam  is  worked,  in  a  limited  waj',  a.^  ^ 
Marshall  Green  colliery. 

There  is,  therefore,  little  to  be  expected  from  what  is  alrea(3>  -^ 
known  in  the  Tynedale  and  south-western  Durham  distric^ts  of  tt  ^■^  ^ 
seams  in  the  middle  zone  between  the  Brockwell  seam  and  tL:^  ^ 
Limestone  series :  and  we  are  not  aware  that  the  record  is  ai9-  — ^ 
better  in  any  other  parts  of  the  coal-field. 

IV.  Lower  ('ARHoMFERors  or  Bermciax  Formation. 

As  already  mentioned,  the  IJernician  fonnation  comes  to  tl 
surface  over  a  UiVf^o  area  of  Northumberland  and  Durham.       I 
thickness  is  supposed  to  vaiy  in  dift'erent  districts,  and  it  con' 
sists  of  several  ImmIs  of  limestone,  sandstone,  shale  and  ironsttm      •* 

and  several  seams  of  coal.     Probably,  the  least  thickness  of  tl - 

Limestone  coal-bearing  measuivs  is  4,000  feet,  l)elow  which  follov 

a  f^n^iii  thickness  of  ^nits  ami  shab's  down  to  the  old  RahI  Sam    — 

stone  format ic»n. 

Many  paj)ers  have  been  written  by  members  of  the  North 
Kngland   Institute   of   Mining   and   Mechani<*al   Engineers   an 
others  conciM'iiing  the  etiological  featuivs  of  this  formation,  an 
the  maps  of  tlie  (leological  Survey  give  the  outcrops  c»f  the  varioL 
limestones  and  beds  of  coal,  in  mucli  detail:   but  there  is  sti 
great   ilifticulty   in  tlu»  corndation   of  these  various  Wds,  whic  ^  "^ 
can    only  be    elucidated    by    the    furtlu»r    mining   operations   t         ^ 
bi)ring  and  sinking,  and  the  careful  tracing  <»f  the  various  bei^^  ^ 
and  their  fossils  from  ont»  district  to  anothei'. 

FrcMu  Mr.  Westgarth  For.«*ter"s  section  of  the  strata  of  the  wi^t    ^ 
em  district  made  many  years  ago,  and  a  se(*tion  prepared  b>' 
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3t£es9r8.  William  and  »Tohu  Wilson  and  given  by  Mr.  M.  Walton 
Urown  in  a  paper  read  by  him  before  the  members  of  the  North  of 
flxigland  Institute  of  Mining  and  Mechanical  Engineers,*  and 
fi-om  the  knowledge  which  we  now  possess  it  would  appear  that 
tlxere  are  two  distinct  zones  whence  coal  has  been  worked  and 
\«-li.ich  for  mining  and  geological  purposes  may  appropriately  be 
n^Lined: — (1)  The  Blenkinsopp,  Acomb  and  Shilbottle  series; 
ajncl  (2)  the  Plashetts  and  Scremerston  series. 

Xo,  1  Series, — No.  1  series  may  be  taken  as  about  1,500  feet 
tbnick.  The  chief  seams  comprized  in  it  are  the  Fell  Top  coal, 
aV>out  2  feet  thick ;  the  Oakwood  seam,  2  feet ;  the  Blenkinsopp  or 
A.oomb  seam,  from  2  feet  8  inches  to  4  feet;  and  the  Shil- 
bottle or  Licker  seam,  the  lowest  of  the  series,  about  2  feet  6 
iixohes. 

The  following  collieries,  marked  on  the  map  (Fig.  1,  Plate 
X.ATI.),  are  at  present  being  worked  in  this  zone  and  in  the 
seams  of  the  thicknesses  mentioned  : 


Nhuioa  of 

Thick 

iiieM  of 

Namei)  of  CollierioM 

Coal-Hcains. 

Coal-«ettniH. 

Ft 

In*. 

ft.  hu. 

Blenkinsopp 

Acomb 

8 

2  to  3  11 

Melkridge  or  Blackett 

n 

1 

10  „ 

2    2 

HaltwhUtle  or  South  Tyne  ... 

»1 

o 

0  „ 

2     .-) 

Thorngrafton 

V 

1 

10., 

,  2     0 

Fountones       

Acomb 

2 

4  „ 

4    0 

Fallowfield       

,, 

3 

o„ 

4    U 

Acomb  or  Tynedale 

»» 

Whetstone,  Killhope 

FeU  Top 

2    6 

Coldclengh 

Acomb 

2    4 

Halton 

i» 

1     5 

Whittington     

,, 

1     8 

Kirkheaton                 

If 

2    8 

Sooty  Row         

? 

2    4 

Longframlington         

Shillxjttle 

2    6 

Longhorsley     

»i 

2    6 

Netherwitton 

If 

2    8 

Newton-on-the-Mcor    . 

,, 

2  10 

Shilbottle 

If 

2    0 

Wallshield       

,, 

2     0 

There  has  been  a  great  development  of  coal-working  in  the 
^^Itwhistle  district,  chiefly  at  IHarkett  colliery,  and  this  district, 
^^  consequence  of  the  favourable  natuie  of  the  coal,  will  in  future 
Y^Hrs  be  further  developed. 


•  TraiiJf.  y.E,  InM,^  1887,  vol.  xxxvii.,  page  16. 
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No  boriiifirt)  have  been  made  below  the  Klenkinsopp  seam,      ^*^ 
prove  the  whole  of  the  upper  zone,  or  the  existence  of  the  seav-^^ 
in  the  lower  zone.      However,  the  time  will  soon  come,  when  ^^^^' 
plorationH  will  be  attempted. 

No.  2  Scrlts,-  No.  2  series  ma^'  be  taken  as  probably*  1,8     "^^ 
feet   tliifk,  but  none  of  the  seams  in   it   have   been   prove<l  ^^ 

sunk  to  in  the  area  where  the  seams  in  the  upper  zone  are  work^^^. 

There  are  8<»veral  coal-seams,  the  chief  seams  of  the  Sci-emi-     "F- 
ston  district    l)einj^  named  as  follows :      The  Kelwell   coal,  t^Bie 
Greenses   or    I^cnidnell    seam,    the   Muckle    Howfi^ate    seam,    t^Kie 
Little  Howj^ate  seam,  the    Fawcett  <'oal,  the  Scremerston  Ma  :^n 
coal,  the  Hardy  coal,  tlie  Cancer  seam,  the  Three-ciuarter  col^^/, 
the  Cooper-eye  coal,  and    the  Wester  c(ral-s<Mm.     These  sear^J^ 
vary  in  quality,  and  the  thicknesses  ran^e  fnmi  2  t4)  4  feet,  iiiclu  «  I- 
in^  bands  of  shale. 

In  the  riashetts  district,  also  in  this  series,  the  chief  seaimis 
aiv  the  Han*shaw  Head,  Hainin^-ri^g,  Furnace,  Caritet  Ai, 
Plashetts,  Shilburnhcuprh  and  Lewis  liuru  coal-seams.* 

The  f(dIowing  collieries  are  working  one  or  more  of  the-*^i* 
M'anis : 

Naiiif  H  of  ( 'ollirrii'M. 

Kouilaws 

H.in'Mliuw  Hoal  ...  

<ilUIIIM't<)ll 

Sliin»uriihrii^h 

IM:i-li»-tts  

Klvlnii     ...  

('hatt«.!i  

Liikrr  ... 

Filkilijtnli 

'I'hc  ell  ii»l  roll  iciic>  winking  coal  from  this  zone  are  at  Plashet 

and  ScrciiMM.ston.    The  si»am  worked  at  Plashetts  colliery  has  bet" 

assumed  to  lit*  in  about  the  same  iioii/on  as  the  Scremerston  Mai*^^ 

seam.      Its  thickm^ss  is  about  4 A  fi»et,  ami  it  is  estimatetl  to  exteiu-^ 

over  a  large  area.      .\t  Screriier>tori  coUitMy,  although  the  ilistri< 

*  Siiu-*"  rcinliii^  thi.-*  luiprr,  ihv  uiithor  ]ih«  \n'v\\  iiitoriiKMl  that  iM*vcral  Imii — ^^ 
hoU'8  liavc  iciTtitly  Imtii  umuU-  in  t tio  ( ircoiiliniil  hikI  \ValIti>wn  (liHtrK't,  and  o«>ii»  '* 
HoaiiiM  huvf  \n'vii  fiiuinl,  oiu",  .*{  ftM-t  thick,  oviilnitly  U-hniijin^  to  ihf  lower  zimr  c  •^ 
N<».  *J  wt-rifs.  'I'hii*  aui^urs  wt-ll  fnr  <itht'r  M-ain-.  nf  thr  Sii«'iiifr!«ti»n  ami  IMaMhrt  *  "" 
M«TifH  Imimi;  ti>nn<l  in  fiit'iif  cxphirations. 


Tliirkm-w  of 

Ciwl  MfSllli'. 

R     In* 
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abounds  in  many  seams  of  coal  and  is  of  large  extent,  thei-e  is  ar 
present  only  one  seam  being  worked,  namely,  the  Cooper-eye 
seam. 

The  writer  has  estimated  the  total  output  of  the  36  collieries 
working  Limestone  coals  at  478,000  tons,  the  greater  portion,  about 
66  per  cent,  being  obtained  from  the  first  series  of  seams. 

Coal  has  been  worked  in  many  other  places  in  the  Carboni- 
ferous Limestone  formation,  and  it  may  be  interesting  to  know 
that  working  took  place  in  some  localities  at  an  early  period. 
It  is  recorded  that  coal  was  worke<l  at  Middleholm,  near  Mitford, 
in  1250 ;  at  Butelaud,  near  Bellingham,  in  1296 ;  in  1418,  at 
Shoresworth,  near  Berwick;  in  1440,  the  monks  of  Holy  Island 
expended  <£2  68.  8d.  in  sinking  a  pit  at  Howburne ;  in  1455,  at 
Jforth  Sunderland ;  in  1473,  further  expense  was  incurred  by  the 
Earl  of  Northumberland  at  Bilton,  near  Alnmouth,  in  connec- 
tion with  the  sinking  of  a  new  coal-pit;  in  1510,  at  Tweed- 
mouth,  Scremerston  and  Ford  ;  and  in  1532,  1567  and  1663,  coal 
was  being  worked  at  Shilbottle.  In  1547,  the  lord  of  Hexham 
manor  received  rent  for  a  coal-mine  at  Fallowfield.* 

Cumberland  and  Yorkshire, — Coal  is  being  worked  in  the  Ber- 
nician  formation  in  north  Yorkshire  and  in  east  Cumberland,  but 
as  this  hardly  falls  within  the  scope  of  the  present  paper  and  as 
the  writer  does  not  possess  much  knowledge  of  these  districts,  he 
has  omitted  them  from  present  consideration. 

Resources, — There  is  no  doubt  that  this  Bernician  formation  is 
capable  of  further  development;  and,  when  the  coal  from  the 
Upper  Coal-measures  becomes  more  scarce  and  moi-e  costly  to 
work,  the  Bernician  coal  will  come  more  into  play,  especially  if 
railways  be  further  extended  and  the  cost  of  railway-carriage  be 
decreased. 

The  quality  of  the  coal  in  some  of  the  districts  has  not  been 
found  equal  to  that  from  the  true  Coal-measures,  but  it  must  be 
borne  in  mind  that  the  coal  in  all  instances  is  worked  from 
shallow  depths.  Some  of  the  collieries  produce  extremely  good 
coal :  for  instance,  Shilbottle  has  a  first-class  house-coal  while 
Blenkinsopp,  Blackett,  and  others  yield  a  good  manufacturing 
and  coking  coal. 

*  **  Extracts  from  the  Account  Rolls  of  the  Abbey  of  Durham,"  in  three 
volomes,  The  Puhiicationt  of  the  Surtee^  Society j  vols,  xcix  ,  c,  and  ciii. 
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Mr.  M.  Walton  Brown,  in  a  paper  read  by  him  before  the  North 
of  Enjfland  Institute  of  Mining  and  Mechanical  Engineers,*  in 
referring  to  this  formation,  mentions  that  the  Royal  Coal  Com- 
mission in  1871  estimated  the  quantity  of  available  coal  at 
605,000,000  tons,  and  he  states  that  "  the  available  areas  and  the 
thickness  of  seams  have  been  under-estimated.  Thus,  in  the  Scre- 
merston  district,  the  seams  appear  to  be  from  54  to  73  feet  in 
aggregate  thickness.  This  development  is  not  found  in  other  parts 
of  the  Mountain  Limestone,  as  in  the  more  southern  districts 
not  more  than  four  seams  are  found,  which  are  only  of  work- 
able thickness  in  smr.ll  are:i8.  In  an  area  of  1,200  square  miles 
in  the  northern  part  of  this  coal-field  (omitting  the  portions 
covered  by  the  Upper  Coal-measures)  it  may  be  assumed  that  there 
is  at  least  10  feet  in  thickness  of  workable  coal.  The  contents  of 
1  square  mile  of  this  thickness  will  be  9,600,000  tons  and  of  1,200 
square  miles  will  consequently  be  11,520,000,000  tons.  After  an 
ample  allowance  for  dykes  and  other  interruptions  there  will  prob- 
ably remain  an  avnilable  supply  of  8,000,000,000  tons."  There  can 
be  no  doubt  that  Mr.  Walton  Brown  is  correct  in  saying  that  the 
figures  of  the  lloyal  Commission  were  under-estimated,  but  they 
will  doubtless  be  revised  by  the  Royal  Commission  recently  ap- 
pointed, in  the  light  of  our  present  knowledge  of  the  district. 

Covered  (ircas. — We  now  come  to  consider  the  probability  of 
coal  of  workable  thickness  being  found  under  the  area  occupied 
by  the  Millslono  Grit  and  un<ler  that  of  the  regular  Coal-measures. 

There  have  been  few  borings  made  directly  from  the  regular 
Coal-nicasnres  to  the  Carboniferous  Limestone.  At  Tudhoe 
collieiy,  a  boring  was  made  some  years  ago,  and  at  a  depth  of 
514  feet  below  the  Broekwell  seam  a  l>ed  of  limestone,  3A  feet 
thick,  was  proved:  the  boring  was  extended  to  a  further  distance 
of  95  feet,  but  neither  coal  nor  limestone  was  found. 

Chopirdl  Borc'holf, — By  the  enterprise  of  Messrs.  Priestman 
&  Conipjiny,  of  the  Garesfield  Coal  Company,  and  with  the  assist- 
ance of  11. M.  (Commissioners  of  Woods  and  Forests,  some  further 
light  has  been  thrown  on  the  strata  lying  below  the  Brockwell 
seam,  by  a  deep  bore-hole  which  was  put  down  in  1897  in  Chop- 
well   Woods,   ncMir  Lintz   (ireen   and   the   river  Dervvent.t     The 

*   T/YH/v.  y.H.  Iiist.,  18S7,  vol.  xxxvii.,  page  10. 

t  Lon^'itiulo,  1    40'  3;')"  Mest  ;  and  latitude,  i)4    ');*)'  40"  nortb. 
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particulars  of  this  section  are  set  forth  in  Appendix  I.  and  in  a 
section  (Fig.  ^  Plate  XIX.).  This  bore-hole  commenced  at  a 
position  in  the  strata  assumed  to  be  166  feet  below  the  Brockwell 
seam,  and  passed  throu-pfh  the  following  beds  of  coal :  — 

Coal<«eams. 
Xo.   1 

No.  2 

No.  3 

No.  4 

No.  5 

No  more  coal  was  prove<l  down  to 


Limostones. 

No. 

1  ... 

No. 

2... 

No. 

3... 

No. 

4... 

... 

No. 

5... 

No. 

6... 

No. 

Tor 

A    ... 

No. 

8... 

No. 

9  or 

B     . 

No. 

lOorC  ... 

Thicknem 

of 

CoalReamA. 

Ft.  Ins. 

Depth 
from 

Surface. 

Ft.  Iiw. 

Depth  below 

the  Brockwell 

Seam. 

Ft.  Inn. 

0    4 

19     0 

185     0 

0     1 

74    1 

240     1 

0     1 

680  11 

846  11 

0    4 

1,054     1 

1,220     1 

0    2 

1,186    3 

1,352    3 

to    ... 

1,318    0 

1,484    0 

h  the  following  limestones  :  - 

Thioknegs 

of 

Limciitones. 

Ft.   Ins. 

Depth 

from 

Surface. 

Ft.    In«. 

Depth  below 
the  Brockwell 

Seam. 

Ft.    Iiw. 

1    11 

315    3 

481     3 

6      1 

416    9 

582    9 

18   10 

491     9 

657     9 

2    8 

557  10 

723  10 

15     8 

634  11 

800  11 

7    2 

844     8 

1,010    8 

12    2 

1,010    6 

1,176    6 

6  10 

1,084     5 

1,250    5 

50    2 

1,148     1 

1,314     1 

20    2 

1,303    5 

1,469    6 

It  was  assumed,  from  all  the  information  that  we  haa  connec- 
**tig  the  Upper  Coal-measures  with  the  Carboniferous  Limestone 
formation,  that  the  latter  might  be  met  with  at  about  600  feet 
^^^low  the  Brockwell  seam.  This  bore-hole  met  the  first  bed, 
Probably  the  Fell  Top  Limestone,  at  a  depth  of  481  feet :  it  was 
*^owever,  only  1  foot  11  inches  thick. 

Then,  as  to  coal,  we  assumed  that  the  Blonkinsopp  or  Acomb 

®^5^m  might  be  found  at  a  depth  of  about  1,000  feet.     The  first 

^^^^1  in  the  Carboniferous  Limestone  formation  was  met  with  at  a 

^^pth  of  847  feet  below  the  Brockwell  seam,  its  thickness  being 

^^ly  1  inch.     At  1,220  feet,  a  4  inches  seam  was  passe<l  through, 

^*id  at  1,314  feet,  a  limestone,  50  feet  thick,  was  reached:    it 

^^^y  be  the  Great  Limestone.     Comparing  the  position  of  the 

^^al-seams  and  limestones  met  with  in  this  section,  and  that  of 

T^ynedale,  it  would  appear  that  the  letters  A,  B  and  C  are  the 

^^lative  positions  of  the  limestones  in  each  section;   and,  it  may 
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almost  be  concluded  that  the  coal,  4  inches  thick,   is  the  re- 
presentative of  the  Acomb  coal-seam. 

At  1,352  feet,  another  seam,  2  inches  thick,  was  reached,  and 
this  might  represent  the  Shilbottle  seam  of  the  northern  district, 
but  it  is  difficult  to  make  a  definite  correlation  on  such  slender 
data. 

The  bore-hole  has  been  disappointing,  especially  as  it  attained 
a  depth  of  1,484  feet  below  the  Brock  well  seam,  and  no  coal  was 
found  of  workable  thickness,  but  only  five  seams  of  4  inches,  1 
inch,  1  inch,  4  inches  and  2  inches  respectively.  Of  course  one 
bore-hole,  only  4  inches  in  diameter,  is  not  sufficient  to  condemn 
the  whole  ai-ea  as  ban*en  of  workable  coal.  It  is,  however,  so  far 
satisfactory-  that  coal  and  limestone  have  been  found  in  about 
the  stratigraphical  positions  in  which  they  were  expecjteil. 

From  a  comparison  of  the  sections  that  the  writer  has  com- 
piled, it  will  appear  that  from  the  position  of  the  limestones  in 
the  bore-holes  and  from  their  assumed  positions  in  the  western 
and  northern  districts,  it  is  almost  impossible  to  correlate  them 
until  much  more  information  is  obtained. 

It  may,  however,  be  concluded  that  the  Great  Limestone,  B, 
in  the  Tynp<lale  section  of  ^Ir.  AVestj^ai-th  Forster  occurs  at  979 
feet  below  the  l^rorkwell  seam  and  is  (I'i  feet  thick ;  in  the  Chop- 
well  bore-hole  it  would  appear  to  lie  at  1,'U4  tWt  below  and  to  be 
50  fe4*t  thick;  and  at  Scremerston,  it  may  be  assumed  to  occur 
at  1,0:;(;  feet  and  to  be  28  feet  thick. 

It  seems  most  unlikely  that  workable  seams  of  coal,  which  are 
founil  close  to  the  outcrop  of  the  Millstone  Grit  and  extendinjr 
over  so  many  miles,  should  suddenly  come  to  an  end,  or  continue 
only  a  few  inches  in  thickness  under  the  Millstone  Grit  and  the 
superimposed  rejjrular  Coal-measures.  We  have  also  the  fact  that 
iu  Midlothian,  the  Mountain  Limestone  formation  contains  many 
workable  seams,  which  are  sunk  to  throuj^h  the  regular  Coal- 
measures  and  Millstcme  Grit  series  lyin^  above  them.  Perhaps  it 
may  be  that  the  Chopwell  bore-hole  did  not  f^o  deep  enough,  u* 
there  is  a  thickeninjf  of  the  strata  ^oin^  eastward,  and  this  mi^ht 
throw  the  coal-seams  d(»<*|MM-;  or  it  is  possible  that  the  lM>re-hole 
mij?ht  K<>  down  on  a  local  **  nip,"  (»r  that  the  thickness  was  not 
correctly  ascei-tained.  There  is  no  doubt  that  the  seams  in  the 
Mountain  Liniestone  do  vaiy  in  thickness,  and  make  it  difKcult  to 
trace  the  seanis  over  a  huye  area.      For  instance,  the  A«M)nib  seam 
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as  found  near  Hexham  is  4  feet  6  inches  thick,  while  in  the 
Allenheads  district  it  is  represented  by  only  a  few  inches  of  coal. 

The  writer  may  mention  that  near  Stockton  several  bore- 
holes were  put  down,  and  in  one  or  two  instances  it  is  supposed 
that  after  passing  through  the  Permian  formation  (the  true  Coal- 
measures  being  absent)  the  Mountain  Limestone  formation  was 
met  with  and  bored  into.  In  one  of  the  bore-holes,  the  lime- 
stone was  reached  at  a  depth  of  1,479  feet,  and  coal,  2  feet  thick, 
was  met  at  a  depth  of  1,952  feet.*  This  is,  of  course,  a  thin 
seam,  but  it  is  so  far  satisfactory,  as  it  favours  the  idea  that 
coal-seams  may  be  continuous  from  the  northern  district  under 
the  regular  Coal-measures,  into  the  Stockton  district. 

The  Chopwell  bore-hole,  above  mentioned,  has  not  at  any  rate 
explored  the  whole  depth  of  the  Carboniferous  Limestone- 
measures  and  has  probably  not  gone  through  the  upper  zone. 
Below  the  depth  reached,  there  should  follow  all  the  strata  down 
to  the  Old  Red  Sandstone,  and  therein  the  several  seams  of  coal 
and  beds  of  limestone  of  the  Scremerston  and  Plashetts  districts 
should  be  found,  and  this  might  reach  a  total  depth  of  4,000  feet 
below  the  Brockwell  seam.  But  if  some  of  the  seams  should  not 
be  reached  within  a  depth  of  2,000  feet  or  3,000  feet  below  the 
Brockwell  seam,  they  would  in  the  deeper  parts  of  our  coal-field 
be  quite  beyond  a  workable  depth,  according  to  our  present  com- 
mercial ideas. 

The  writer  is  still  of  opinion,  however,  that  further  explora- 
tions may  well  prove  large  ai-eas  of  coal  of  workable  thickness  at 
accessible  depths,  and  as  coal  becomes  more  scarce  they  will  be 
^  proved  and  worked.  The  question,  however,  can  only  be  settled 
definitely  by  further  borings  and  sinkings  being  made  in  the 
difierent  districts ;  and  no  doubt,  in  time,  these  will  be  carried 
out 

In  considering  our  national  supplies  of  coal,  the  subject  be- 
^ines  an  important  one,  especially  in  the  future  industrial 
^^terest  of  Northumberland  and  Durham,  and  the  writer  has  no 
^oubt  that  the  present  Royal  Commissioners  will  endeavour  to 
^l>tain  all  the  available  information  so  as  to  enable  them  to  offer 
^  opinion  on  the  probabilities  of  an  additional  supply  from  the 
*^a«  which  have  been  brought  under  consideration  in  this  paper, 

•  TranM,  Iwif.  M.E.,  1890,  vol.  i.,  page  362 
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and  which  did  not  enter  into  the  estimate  of  the  former  Royal 
Ooal  Commission  of  1871. 

In  conclusion,  the  writer  must  apologize  for  bringing  forward  / 
a  paper  of  a  somewhat  speculative  character,  but  at  the  same  time 
he  hopes  that  the  attempted  record  of  our  present  practical  know- 
ledge of  the  coal-seams  in  the  formations  beneath  the  Upper  Coal- 
measures  may  be  of  some  use  in  the  future  elucidation  of  the 
scientific  and  economic  geology  of  the  two  counties. 


APPKNDIX  I.— Section  of  Strata  in  a  Bore-hole  near  the  River  Derwent 
IN  South-eastern  Corner  of  Boundary  and  136  Chains  West  of  Lintz 
Ford  Mills,  Chopwkll  Woods,  at  a  position  in  the  Strata  supposed 
TO  BE  1G6  Feet  below  the  Brock  well  Seam. 


No. 


I>tittcni)tii>n 
of  Strata. 

sand     aud 


1  Clay. 

soil        

2  Boulder-clay 

3  Broken  freestone 

4  Very    dark     grey 

shale      

5  COAL,         very 

coarse    ... 

6  Dark  grey  shale  ... 

7  Grey  sandstone  ... 

8  Grey        Mandstone 

and   thin    shale- 
partings 

9  Very      dark     grey 

shale 

10  Soft     grey     shale, 

with       post-gir- 
dles 

11  Dark  grey  shale  ... 

12  Strong  grev  post 

13  Soft      dark      grey 

shale 

14  COAL      

15  Seggar      

It)  Dark  grey  shale  ... 

17  Strong  grey  po.st 

18  Dark  grey  shale  ... 

19  Strong   grey   ])Ost 
*20  Dark  grey  sliale 
*2l   Strong  grey    post, 

lannnatcd 
'22  Dark  grey  shale 

23  Very   strong   grey 

post 

24  Seggar      

25  Soft      dark     grey 

shale 

26  Light  grey  post  ... 

27  Dark  grey  shale  ... 

28  Very  strong   light 

grey  post 


Thick- 
ness of 
StruU. 
Ft.  In. 

4  6 
12     0 

0  8 

1  6 


8     6 
0  10 


15  5 
0  1 

2  6 
4  9 

11  0 

3  10 

6  2 
11  0 

61  7 

21  6 

16  0 

0  9 

1  6 
10  0 

7  0 


D<'pth 

from 

Surface. 

Ft.  In. 

4     6 

16  6 

17  2 

18  8 


0 

4 

19 

0 

2 

0 

21 

0 

18 

0 

39 

0 

47  6 

48  4 


4     6 

52  10 

3     8 

56     6 

2     1 

58     7 

74  0 

74  1 

J6  7 

81  4 

92  4 

96  2 

102  4 

113  4 


No, 


174  11 

196  5 

212  5 

213  2 

214  8 
224  8 
231  8 

236  10 


DeHt-ription 
of  Strata. 


29  Daik  grey  shale  . . . 

30  Light     grey    post 

and  (y>fi/-thread8 

31  Segffar      

32  Dark  shale 

33  (irev  post 

34  Dark  grey  shale  . . . 

35  Grey    shale,    with 

post-girdles 

36  (Jrey     post,     with 

metal -partings 

37  Dark  grey  shale  ... 

38  Li/ui.sfoii(\  grey  ... 

39  Coarse    grey     seg- 

giir         

40  Grey      post,    with 

shale-partings... 

41  <irey  shale 

42  Coarse  seggar 

43  (Jrey     post,     with 

threads  of  shale 

44  Grey  shale 

45  Dark  grey  post   . . . 

46  Seggar,  coarse 

47  (Jrey     post,     with 

shale-partings... 

48  Dark     grey    shale, 

witli       post-gir- 
dies 

49  Hard  grey  post    ... 

50  Dark    shale,    with 

liiiu'itoiu         and 
shells      

51  Grey      post,     very 

coarse   «&  strong 

52  (rrey    sliale,    with 

post-girdles 

53  Liin*  sfcmt,         and 

occasional   shaly 
])artings 

54  Grey  post 


Thick- 
neMof 
Strata. 
Ft.  In. 
18     2 


24     6 

14     6 

1   11 


8 
8 

1 

12 
5 
6 
o 


2     1 


Depth 
from 

Surface. 
Ft,    In. 

255    0 


10    2 
7     1 

6  1 
32  11 
23    3 


18  10 

12     1 


257 
259 
263 
264 
270 


3  9   274  4 


298  10 

313  4 

315  3 

317  5 

325  6 

333  6 

334  6 

347  1 

352  2 

358  4 

360  5 


33  0   393  5 


4<)3  7 
410  8 


416  9 
449  8 
472  11 


491  9 
503  10 


VoL^  m^  PlatsIM 


I 
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VaiJaiKAAnsIM: 


■pHOE 


L    Coal-seam. 

HOE.  WITTON  PARK.  BEECHBURN.  BROOMPARK. 


Ft.  In.       fWif 


yna^. — ma 


I        ! 


i    °0*«-    I    O      4 


78   I   CO*'-    I   0      • 


I  I 


m     COAL   I  „     ^ 

127    SSa    1      8  13S 

I    COAL   I 


MMSNMl 


Ftlm.        fmi 


J 


i   Nil.  630 


VorJJIL,PLATKlK. 


.■4C 
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Brockwell  coal-^seam. 


ITL 

L 

III. 

VNEOALE 

SCAEM^a^TON 

TYNEDALE 

flflTHlCT. 

OlfiTltlCT. 

DISTRICT. 

i.coo  fcbT 


rke  North  cfB 


&'fflL*.  m  fftst  to  1  Inch. 
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2 

11 

Thick- 

Depth     ; 

Thlck- 

Depth 

Description 

new  of 

from 

DetM.-ription 

ne- 

a  of 

frou 

No.            of  Strata. 

Stra-a. 

Surface. 

No.           of  strata. 

strata 

Burfoci'. 

Ft 

I'l. 

Ft.    In. 

Ft. 

In. 

Ft. 

n. 

55  Dark  grey  sliale  . . . 

6 

3 

510      1 

82  Grey     post     and 

56  Grey  post 

12 

5 

521    6 

shaly  partings 

5 

2 

875 

6 

57  Grey  shale 

2 

8 

52.-)     2    i 

83  Soft     dark     grey 

58  Darlv  grey  post    ... 

1 

4 

r>2(i     6 

shale 

1 

7 

877 

I 

59  Dark    grey    shale. 

84  Strong  grey  post 

3^ 

3 

916 

4 

with     ironstone- 

85  Grey  shale 

8 

10 

925 

2 

bands     ... 

21 

0 

547     6 

86  Grey     post     and 

€0  Grey     post,     with 

shaly  partings 

25 

6 

950 

8 

much  silica  and 

87  Grev  shale 

4 

6 

955 

2 

shale -partings 

7 

8 

555    2 

88  <irey  post 

2 

0 

957 

2 

61    L'unt^f(nif,  grey  ... 

2 

8 

557  10 

89  Dark   grey   shale 

12 

6 

969 

8 

62  Coarse  grey  post 

50 

11 

G08    9 

90  CJrey   post,    with 

63  Grey      post      and 

shaly  partings 

9 

9 

979 

5 

shaly     ])artings, 

91  Dark  grey  shale. 

with  threads  of 

with  iron-pyrites 

18 

11 

998 

4 

coal 

5 

5 

614     2 

92  LimeMfoiity    blue, 

64  Dark  grey  shale 

5 

1 

619     3 

A         

12 

2 

1,010 

6 

65  Li/ne^touty  grey    .. 

1.3 

8 

6:u  11 

93  (Jrey   post,   with 

66  Grey    post,     with 

shaly  partings 

5 

5 

1,015 

11 

shaly  partings 

19 

3 

654     2 

94  Grey  shale,   with 

67  Grey    slate,     with 

post-girdles     . . 

17 

8 

1,033 

7 

post-girdles 

10 

11 

665     1 

95  Hard    grey    post 
and  shaly  part- 

6S Strong  grey  i>ost  . . 

15 

9 

680  10 

69  COAL,  coarse 

0 

1 

680  11 

ings     

20 

2 

1,053 

9 

70  Dark     grey     post, 

96  COAL 

0 

4 

1,054 

1 

with  shaly  part- 

97 Grey  post 

1 

3 

1,055 

4 

ings       

23 

6 

704    5 

98  Grey  shale,  with 

7 1  Dark  grey  shale  . . . 

13 

4 

717     9 

pyrites 

22 

3 

K077 

7 

7*2  Strong  grey  post, 
with      a       ittle 

99  Limt^toHtf  blue 

^6 

10 

1,084 

5 

100  Dark  grey   shale 

13 

6 

1,097 

11 

limtHtont 

1 

4 

719     1 

101  LiniHutouey     blue, 

73  Strong  grey  post 

29 

6 

748    7 

B       

50 

2 

1,148 

1 

74  Grey     post,    with 

102  Dark  grey  post 

1 

4 

1,149 

5 

shaly            part- 

103 Grey    shale    and 

ings        

5 

8 

754    3 

pyrites 

1 

1 

1,150 

6 

75  Strong  grey  post 

15 

10 

770     1 

104  Gannister 

1 

0 

1,151 

6 

76  Strong  grey  post, 

105  Grey    jwst,    with 
silica 

with   shaly   part- 

34 

7 

1,186 

1 

in>:s         

4S 

2 

818    3 

106  COAL, coarse  ... 

0 

2 

1,186 

3 

77  Grey     shale      and 

107  Dark  grey  post  . . 

2 

7 

1,188 

10 

ironstone-balls 

19 

3 

837     6 

108  Very  ctMirse  strong 

7S  Limtstonty       blue, 

post,  with  thin 

with  shells 

i-r 

2 

844     8 

roa/. threads  .. 

54 

3 

1,243 

1 

79  Grey  j)ost 

13 

ll 

858     7 

109  Dark   grey   shale 

4J 

2 

1,283 

3 

80  Grey      post      and 

110  lAnu'^tom;,     blue, 

shale 

8 

4 

866  11 

C          

20 

2 

1,303 

5 

81  Dark  grey  shale  ... 

3 

5 

870    4 

1 1 1  Grey  j)ost 

14 

7 

1,318 

0 

The  President  (Sir  Lindsay  Wood,  Bart.)  said  that  the 
members  were  much  indebted  to  Mr.  J.  B.  Simpson  for  having 
brought  this  important  matter  before  tliem.  It  was  the  more 
important  at  the  present  time,  as  Mr.  Simpson  pointed  to  another 
source  of  coal-supply,  which,  in  the  public  mind,  was  formerly  not 
ill  existence. 
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Prof.  R.  A.  S.  Redmavxe  (The  University,  Birmingham)  said 
that  Mr.  Simpson's  paper  was  of  the  greatest  interest  to  minincr- 
engineers,  in  view  of  the  fact  that  the  Coal  Commission  was  at 
present  engaged  in  enquiring  into  the  question  of  the  coal 
resources  of  the  kingdom.  He  had  just  returned  from  the 
United  States  of  America,  and  ha<l  been  interested  by  the  extra- 
ordinary depths  from  which  minerals  were  drawn  in  that 
country.  Mr.  Simpson  had  mentioned  that  an  extraordinary 
depth  would  be  4,000  feet,  but  at  the  Tamarack  mine  they  were 
drawing  from  a  depth  of  5,100  feet,  and  at  Trimountain,  which 
was  at  present  900  feet  deep,  a  winding-engine  was  in  process  of 
being  erected  to  draw  from  a  maximum  depth  of  6,000  feet. 
Again,  at  the  Calumet  and  Hecla  mine,  the  depth  of  the  Red 
Jacket  (vertical)  shaft  was  4,800  feet.  With  rejranl  to  the  Chop- 
well  Woods  boring,  was  it  not  quite  probable  that  there  might  be 
a  thickening  of  the  Berniciau  formation  in  that  district?  They 
knew  of  such  thickenings  in  other  parts  of  the  country,  and  that 
formation  might  very  probably  thicken  as  much  as  -3,000  feet. 

Mr.  David  Hi  rxs  (Carlisle)  said  that  he  might  mention  one 
little  scrap  of  comfort  in  conne(*tion  with  Mr.  Simpson's  paper, 
and  that  was  that  the  beds  from  about  the  third  or  fourth  lime- 
st4)ne  shown  in  the  section  illustrating  his  paper,  thickened  very 
much  as  they  went  downward.  South  of  the  South  Tyne  river, 
if  a  pariicular  bed  of  limestone  were  selected  and  followe<l  in  the 
country  to  ilie  north  of  that  river,  it  would  be  found  to  break  up 
into  several  more  or  less  impure  limestones,  with  calcareous 
sandstones  and  shales  between,  givinu  an  aggregate  thickness 
much  in  excess  of  the  limestone,  where  first  seen  to  the  south, 
so  that  if  a  sinking  were  made  in  the  county  of  Durham  the 
Screnierston  coal-seams,  if  present  at  all,  would  1k»  found  much 
nean^r  to  the  siiHace  than  wouhl  apixuir  to  Im*  the  case  fn>m  the 
sections  niea>ured  at  the  outcrops  of  the  measuiTs.  At  any  rate, 
this  will  prove  to  be  so  if  the  ImmIs  vary  in  the  east  of  Northumhor- 
lan<l  as  in  the  west. 

Mr.  A.  L.  Stkavknsox  (Durham)  said  there  was  no  one  in  a 
IM)sition  to  (lis])ute  or  criticize  the  paper  just  read  by  Mr.  Simpson, 
that  gentleman  having  made  the  subject  peculiarly  his  own. 
The  paper  was  a  most  valuable  contribution  to  the  7^rans(tctions, 
and  would   remain  for  future  years  a  mine  of  information,  not 
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only  about  the  Chopwell  bore-hole,  but  about  all  that  is  known  in 
the  district  on  the  subject.  Mr.  Simpson  had  said  that  the 
question  as  to  these  lower  seams  could  only  be  settled  definitely 
by  further  borings  and  sinkings  being  made  in  the  different 
districts.  This  was  very  likely  true,  but  at  the  same  time  he 
(Mr.  Steavenson)  would  be  inclined  to  look  at  the  outcrops  and 
see  if  anything  could  be  found  out  respecting  them.  The  depth 
of  4,000  feet  mentioned  by  Mr.  Simpson  in  his  paper  had  been 
arrived  at  by  an  investigation  of  these  outcrops ;  and  it  would 
also  be  useful  if  he  made  some  reference  to  the  rocks  and  coal- 
seams  in  the  neighbourhood  of  Barnard  Castle  and  Wensleydale. 

Mr.  John  Morison  (Cramlington)  said  that  he  had  listened 
to  Mr.  Simpson's  paper  with  the  greatest  interest,  and  having  had 
considerable  experience  in  connection  with  the  Mountain  Lime- 
stone series  in  Scotland,  he  agreed  with  Mr.  Simpson's  hopeful 
view  that  workable  coal-seams  would  be  found  under  the  regular 
Coal-measures  in  Northumberland  and  Durham.  One  single 
bore-hole,  as  Mr.  Simpson  had  said,  could  not  be  taken  as  a  true 
guide  as  to  whether  workable  seams  would  be  found.  If  the 
seam  was  missed  in  the  Chopwell  bore-hole,  there  was  a  large 
area  still  to  be  investigated,  and  he  thought  that  there  was  every 
probability  of  workable  seams  being  found  at  workable  depths 
in  south-east  Northumberland  and  possibly  in  Durham.  From 
the  indications,  however,  he  should  say  that  south-east  North- 
umberland would  seem  a  more  hopeful  field  than  Durham,  because 
these  lower  seams  had  been  proved  over  a  large  area  of  outcrops, 
and  seemed  to  be  fairly  persistent  noi-thward  from  the  river  Tyne. 

Mr.  John  Nevin  (Mirfield)  said  that,  on  comparing  the  section 
of  the  Chopwell  bore-hole  with  Mr.  Westgarth  Forster's  section  of 
the  measures,  which  has  been  proved  to  be  very  correct  in  the 
Alston  and  Allendale  districts,  with  which  he  (Mr.  Nevin)  had 
some  acquaintance,  he  noticed  that  while  Mr.  Forster  gives  the 
thickness  from  the  Brockwell  seam  to  the  first  or  Fell  Top  lime- 
stone as  509  feet,  the  Chopwell  bore-hole  shows  481  feet  to  the 
first  limestone.  If,  however,  he  took  the  Chopwell  limestone,  50 
feet  thick,  the  bottom  of  which  is  1,314  feet  below  the  Hrockwell 
seam,  as  answering  to  the  Great  limestone,  the  bottom  of 
which  Mr.  Westgarth  Foster  gives  as  079  feet  below  the  Brock- 
well  seam,  there  is  a  thickening  of  the  measures  of  335  feet  or 
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34  per  cent.  If  this  be  so,  the  4  inches  of  coal,  at  a  depth  of 
1,220  feet  below  the  Brockwell  seam,  wouhl  represent  the  seams 
between  the  Great  and  Little  limestones,  now  worked  near  Alston 
and  in  AVest  Allendale ;  and  the  limestone  at  a  depth  of  1,1 7(*  feet 
would  represent  the  Little  limestone — sevei-al  limestones  haviuj^ 
set  in  between  this  and  the  Fell  Top  limestone.  He  (Mr.  Xevin) 
suggested  that  this  was  the  case,  and  he  was  afraid  that  there  was 
not  much  chance  of  finding  workable  coal-seams  at  a  reasonable 
depth  in  this  neighbourhood.  He  considered  that  a  bore-hole,  say, 
at  HixK)mhill  or  Amblo,  would  be  more  likely  to  find  workable 
seams  in  the  Limestone-measures. 

Mr.  J.  S.  lloBsoN  (Butterknowle  colliery)  wrote  that  he  could 
not  give  any  reliable  information  relative  to  the  coal-seams  lying 
below  the  Brockwell  seam,  except  with  regard  to  the  strata  lyiui: 
immediately  below  the  above-named  seam  in  tJie  Butterknowle 
district.  The  sections  (Plate  XX.)  only  include  sections  of 
bore-holes,  etc.,  in  which  the  seams  can  be  corndated,  and  ex- 
clude those  othei's  in  which  the  stratigraphical  position  of  the 
coal-seams  does  not  appear  to  have  been  correctly  obtainetl.  So 
far  as  workable  coal  is  concerned,  the  Victoria  seam  is  the  only 
one  below  the  Brockwell,  found  to  be  of  any  present  value,  in  thii^ 
district.  This  seam  is  now  being  explored  at  Moor  Hill,  at  a 
depth  of  r>8i  feet  below  the  BnK'kwell  seam.  The  coal 
averages  *J  ft»et  <»  inches  in  thickness  with  one  or  two  irregular 
bands,  k  to  1  inch  thick.  At  Washln^^k  lianc,  about  4,'2i)i)  Icct 
8outh-W(»st  of  the  workings  at  Moor  Hill,  a  staple  has  bi»en  sunk 
to  the  Victoria  scam,  l->7  feet  4  inches  below  the  Brockwell  scam, 
almost  exactly  twice  the  depth  at  MiM)r  Hill.  A  seam,  11  to  !•» 
inches  thick,  has  been  ftmnd  about  St)  feet  below  the  Victoria 
scam  at  llollinhill  and  the  Butterknowle  coke-ovens;  and  ex- 
plorations to  a  fuithcr  depth  of  about  •»()()  feet,  have  proved  Mill- 
stone Grit,  with  shales,  but  no  coal  has  been  found. 

Mr.  -1.  B.  A  iKiNsoN  (H.M.  Inspect<)r  of  Mines,  Newcastle-upon- 
Tyne)  wrote  that  in  the  south-western  i)art  <)f  Northumberland, 
the  south-eastern  and  southern  j)arts  of  Cumberland,  in  the  wc- 
of  Durham,  in  Yorkshire,  and  in  Lancashire  where  the  Bernici;. 
beds  come  to  the  surface  and  are  capable  t»f  direct  observatimi 
with()ut  tin*  aid  of  mining  operations,  the  coal-seams  found  in 
this  series  in  the  nrntlnMii  n  irts  <)f  NortlunnluM  laiul  and  (.'umber- 
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land  do  not  exist,  or  are  i-epresented  by  only  a  few  inches  of  coal, 
and  this  barren  condition  prevails  fai-ther  south;  while  going 
into  vScotland,  the  Bernician  coal-seams  increase  in  thickness. 
But  in  south-western  Northumberland,  in  western  Durham,  in 
south-eastern  and  southern  Cumberland,  in  Yorkshire,  and  in 
Ijancashire,  the  information  obtained  by  surface-examination  is 
confirmed  by  the  exploration  of  the  beds  in  mining  for  ores  of 
lead,  zinc  and  iron.  The  presumption  is  therefore  that  the 
farther  south  one  goes  the  less  probability  there  is  of  finding 
workable  coal-seams  in  the  Bemician  beds,  and  it  appears  to 
him  (^Ir.  Atkinson)  that  the  results  obtained  in  the  Chopwell 
bore-hole  might  have  been  anticipated. 

There  seems  to  be  no  reason  to  believe  that  the  Bemician  beds 
may  not  be  productive  of  coal-seams  under  the  Upper  Coal  series  ; 
this  is  practically  proved  to  be  the  ca*se  at  one  or  two  points  in 
Northumberland  and  Cumberland,  and  it  is  undoubtedly  the  case 
in  Scotland,  although  there  it  has  not  been  proved  to  the  extent 
that  Mr.  Simpson  supposes,  as  will  be  mentioned  later.  What 
is  the  course  of  the  line  marking  the  southern  boundary  of  the 
productive  Bemician  beds,  he  (Mr.  Atkinson)  could  not  state,  but 
he  thinks  that  the  Chopwell  bore-hole  may  lie  to  the  south  of  this 
line. 

It  appears  more  probable  that  workable  coal-seams  may  be 
found  in  the  Bernician  beds  underlying  the  Upper  Coal-seams 
in  Northumberland  than  in  Durham,  and  the  farther  north  one 
goes  in  Northumberland  the  greater  is  the  probability  of  a 
favourable  boring.  Ik) re-holes  through  the  Upper  Coal  series, 
lying  north  of  the  Blyth  or  Wansbeck  rivers,  would  be  very  likely 
to  pass  through  workable  coal-seams  in  the  Bernician  beds,  and 
it  is  here  that  the  first  successful  results  must  be  looked  for,  rather 
than  in  the  county  of  Durham. 

Mr.  Simpson's  statement  that  in  Midlothian  **  the  Mountain 
Liimestone  formation  contains  many  workable  seams  "  is  con-ect, 
but  he  is  not  quite  accurate  when  he  continues  **  which  are  sunk 
to  through  the  regular  Coal-measures  and  Millstone  Grit  series 
lying  above  them.''  There  is  only  one  example  of  the  kind  in 
Midlothian,  the  Newbattle  Victoria  pit,  which  passes  through  the 
lower  part  of  the  Millstone  Grit  and  is  sunk  nearly  1,800  feet  to 
one  of  the  lowest  seams  in  the  Mountain  Limestone.  The  writer 
i3  only  aware  of  one  other  example  of  the  kind  in  Scotland :   the 
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Fence  pits,  near  Lesmahagow,  in  Lanarkshire,  passed  through  the 
Virtuewell,  Eiltongue  and  Urumgray  seams  lying  in  the  lower 
part  of  the  Upper  Coal-seams,  through  the  Millstone  Grit  and  down 
to  the  Lesmahagow  cannel  coal-seam  in  the  Mountain  Limestone. 
There  can,  however,  be  no  reasonable  doubt  that,  in  Scotland,  large 
areas  of  workable  coal-seams  in  the  Mountain  Limestone  under- 
lie the  Upper  Coal-seams. 

Mr.  Simpson  gives  the  total  estimated  production  of  coal  from 
Mountain  Limestone  in  the  North  of  England  as  478,000  tons; 
and  the  output  in  1887  was: — Northumberland,  332,901  t^ins; 
and  Cumberland,  50,913  tons.*  The  comparative  production  of 
coal  from  the  vaiious  formations  in  Scotland,  in  1892,  were :  — 
Oolite,  4,022  tons;  Coal-measures,  21,307,081  tons;  Millstone 
(irit,  3,950  tons ;  Carboniferous  Limestone,  5,870,020  tons ;  Calci- 
ferous  Sandstone,  250  tons ;  a  total  of  27,191,923  tons.f 

Mr.  M.  V.  HoLLiDAY  (Littleburn  Colliery)  wrote  that,  at 
Jh'oompark  colliery,  the  following  coal-seams  had  been  found 
below  the  Hrockwell  seam,  lying  at  a  depth  of  502  feet  4  inc'hes  :  — 

Depth  lielow 
TI)ickni>Mi  the  Brock  veil 

(.■oul-iteuiiiji.  of  <JottI-h«aiiw.  .S«)mni. 

Ft.    lull.  Ft.     lun 

No.   I U        3  ...  20        6 

Victoria         0       8        ...        63       0 

Xi)  more  coul  proved  down  to      ...  ...  ...        tt(5       0 

He  thoujifht  that  Mr.  Simpson  was  correct  in  his  conclusion  — 
tliat  workable  8«»ms  will  be  found  below  the  Bro<'kwell  seam. 
Tin*  matter  is  ot  vital  iiii]M>itance,  and  all  lessors  and  Iwsees  ot 
iuiiu»s  in  NoithuinlHMlaiid  and  Durham  should  conibiius  and  solve 
the  (luestion  by  having  larjre  bore-holes  put  down  in  ditterent 
parts  <)t  the  coal-field. 

Ml.  J.  ('.  H.  IIkndy  (Ktherley)  wrote  that,  since  the  bore-hole 

was  put  ilown  at   W'itton  Park  in  1S:>4  by  Sir  William  Chaytor, 

several  attempts  have  been  made  in  the  wiv^tern  jwrtion  of  the 

hishop    Auckland    district    to    prove    and    work    the    coal-seams 

lyinjr  below  the  Hrockwell  seam  and  in  the  Millstone  Orit.  but 

the  results  so  tar  cmly  appear  U)  shew  that  these  coal-seams  are 

very  variable  in  section  and  quulity. 

•  "Mining  iin<l  (^iiarryin^,"  by   Mr.    .1.    H.    Atkin«on,    /irifish    J.*hm'i»i/i\i«, 
Xi  iri'fi'tf/i  -Hptm-Ti/iif  Mfttimjy  ISS'* :   Ojh'rui/  HftiitltuHtktn  Ih*   Imiuntru^,  IMgt*  37. 

+  "  The  Mining-riehlH  t»f  S<rotlanii,"  by  Mr.  .1.   H.   .-VtkiuHon,  Titinstutum^  oj 
tin  Miniu[i  IitHfitHtf  f,/Sfofftimi,  1893,  vol.  xiv.,  juigc  "Jll*. 
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The  Victoria  seam  has  for  some  time  been  successfully  worked 
at  the  Woodifield  colliery,  near  Crook ;  but  taking  a  line  running 
about  south  11  degrees  east  from  that  colliery  to  Witton  Park,  a 
distance  of  about  3  miles,  at  Woodifield  it  has  a  thickness  of 
about  2  feet  6  inches ;  at  Low  Beechburn  of  1  foot  8  inches ;  near 
Witton  Junction,  it  has  increased  again  to  2  feet  6  inches; 
and  at  Witton  Park,  it  has  again  decreased  to  only  1  foot  of  coal. 
On  another  line,  ininning  about  south  28  degi-ees  west,  from 
Woodifield  to  l^utterknowle,  a  distance  of  nearly  7  miles,  the 
Victoria  coal-seam  has  been  proved  of  the  following  sections:  — 
Woodifield,  2  feet  6  inches;  a  little  to  the  west  of  Hargill  Hill, 
1  foot  10  inches;  near  Stonechester,  it  has  been  proved  to 
be  a  little  over  2  feet :  and  at  Butterknowle  it  is  about  2  feet 
4  inches.  It  seems  probable,  therefore,  on  the  greater  portion 
of  the  latter  line,  that  the  Victoria  seam  may  be  found  of  a  work- 
able thickness,  excepting,  of  course,  where  it  is  denuded  in  that 
part  which  crasses  the  valley  of  the  river  Wear. 

The  Witton  Park  bore-hole  proved  another  seam,  2  feet  thick, 
about  48  feet  below  the  Victoria  seam,  with  a  band  of  fire-clay, 
1  foot  3  inches  thick.  This  seam  has  been  worked  at  Marshall 
Green  colliery,  but  he  (Mr.  Hendy)  was  not  aware  that  it  had 
been  successfully  worked  elsewhere  in  the  district. 

Another  seam,  6  inches  thick,  has  been  found  a  little  to  the 
west  of  Witton -le- Wear,  lying  at  a  horizon  about  150  feet  below 
the  Victoria  seam;  and  this  seam  may  be  correlated  with  the 
lowest  seam  mentioned  in  the  Witton  Park  section.  So  far  as  he 
(Mr.  Hendy)  was  aware  no  workable  coal-seam  had  been  proved  in 
the  Millstone  Grit  series  of  this  district  below  the  last-mentioned 
seam. 

Between  Frosterley  and  Stanhope,  a  seam  of  coal,  about  2  feet 
thick,  had  been  found  lying  about  20  feet  above  the  Fell  Top 
Limestone:  it  was  worked  some  years  ago,  but  was  now 
abandoned.  Mr.  Westgarth  Forster,  in  his  section  of  the  Wear- 
dale  measures,  only  mentioned  four  other  thin  seams  of  coal 
below  the  Fell  Top  Limestone,  the  thickest  of  which  he  gives  as 
1  foot  G  inches ;  and  it  would  therefore  appear  that  many  of  the 
seams  mentioned  by  Mr.  Simpson  in  his  valuable  paper,  as  now 
being  worked  in  Northumberland,  either  do  not  continue  or  have 
become  much  thinner  in  south-western  Durham;  and  as 
strengthening  this  assumption  it  may  be  taken  as  significant  that 
in    a    recent    paper    on    the    Weardale    limestone    written    by 
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ilr.  A.  L.  Steavenson,  whose  knowledge  and  experience  of  the 
district  is  very  considerable,  no  mention  is  made  of  any  workable 
coal-seams  below  the  Millstone  Grit.* 

In  estimating  the  amount  of  coal  likely  to  be  found  in  the 
seams  of  the  Millstone  Grit  and  Mountain  Limestone,  he  (Mr. 
Hendy)  thought  that  it  was  very  essential  that  the  mining-engineer 
should  carefully  consider  the  probable  manner  in  which  these 
coals  were  formed.  It  seemed  in  every  way  likely  that,  at  the  time 
of  the  deposition  of  a  prroup  of  rocks,  the  origin  and  character  of 
which  are  so  eminently  marine  as  the  Mountain  Limestone,  the 
land-surfaces  upon  which  coal-plants,  etc.,  could  flourish  would 
be  limited.  Speaking  of  the  coal-seams  which  occur  in  the 
Gannister,  Sir  Charles  Lyell  remarked  that  **  in  some  instanoee 
the  vegetation  did  not  grow  where  it  became  mineralized  but 
was  carried  by  water-power  from  some  other  locality  and 
deposited."!  Other  geologists  who  have  studied  the  character 
of  the  coal-seams  in  the  Mountain  Limestone  have  expressed  the 
opinion  that  some  of  these  seams  have  evidently  been  formed 
from  accumulations  of  sea-weeds,  fucoids  and  other  marine  plants. 
He  thought  that  it  might  be  fairly  argued  that  workable  coal- 
jioauis  formed  by  such  actions  as  those  that  he  had  quoted, 
would  Ik*  cx("optional,  and  a  careful  examination  of  th«*  fossils 
above,  and  in,  the  scams  of  the  Mountain  Limestone  of  Xorthum- 
l)crlan(l,  would  probably  yield  much  interesting  information  as 
to  the  origin  of  these  coal-scams  and  throw  further  light  on  those 
quest i(uis.  Whether  or  not  these  theories  were  correct,  it  cer- 
tainly nppoanMl  ovi'lrnt  that  the  physical  conditions  prevailing 
at  the  time  of  the  formation  of  the  Mountain  Limestone  coal- 
seams,  were  (litfercMit  from  those  existing  when  the  formation  of 
the  scams  in  the  Tapper  Coal-measuies  took  place,  and  that  they 
w(»rc  not  so  favourable  for  the  dense  gi-owth  of  terrestrial 
vegetation  in  the  former  period  as  th<»y  were  in  the  latter.  Mr. 
Simpson's  ])ai)er  gave  abundant  pnM)f  that  there  are  valuable 
seams  of  workable  coal  in  the  Mountain  liimesttme  and  Millstone 
(jrit,  but  that  they  can  be  relied  upon  in  the  north  of  Knirland  to 
maintain  anything  like  a  workable  thickness  or  <|uality  over  very 
considerable*  areas  is,  he  thought,  o|)en  to  doubt,  and  more 
esjxM'ially  does  this  appear  to  be  so  in  the*  south-western  district 
(d  Duihani. 

•  Tmnt.  In>t.    \f.K.,  11)01.  vol.  xxii.,  pii^'e  11.'). 

+  T/i*  Sfiitimf'M  Kl' nitiit*  it/ (iiitfinjif,  fourth  edition,  ISS'),  fiage  361. 
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ilr.  J.  B.  Simpson,  i^eplying  to  the  discussion,  said  that,  no 
doubt,  as  Prof.  Eedmayne  and  Mr.  Nevin  had  pointed  out,  there 
appeared  to  be  a  thickening  of  the  formation  going  eastward  and 
north-eastward.  This  was  shewn  also  by  Prof.  G.  A.  Lebour 
in  his  geological  map  of  Northumberland.  The  Chopwell  bore- 
hole seemed  to  confimi  this  opinion,  and  it  passed  through  what 
may  be  considered  the  representative  of  the  Great  Limestone 
about  335  feet  deeper  in  the  fonuation  than  shewn  by  ^Ir.  West- 
garth  Forstcr  in  his  section.  In  the  eastern  and  northern  dis- 
tricts, the  Great  Limestone  appeareil  to  occur  still  deeper  in  the 
formation.  Mr.  Burn's  idea  that  the  limestones  were  more 
broken  up  in  the  eastern  portion  of  the  coal-field  seemed  to  be 
borne  out  by  fact,  and  there  was  no  doubt  that  there  were  more 
beds  of  limest(me  there  than  in  the  western  district,  but  not 
individually  of  so  great  a  thickness.  As  to  Mr.  Steavenson's 
suggestion  that  the  outcrops  of  the  beds  should  be  more  minutely 
examined,  there  is  a  great  deal  to  be  ascertained  by  this  in- 
vestigation being  further  carried  out,  althou<rh  to  conclude 
whether  the  seams  already  found  in  the  uncovei-ed  Mountain 
Limestone  occur  under  the  regular  Coal-measures  can  only  be 
ascertained  by  actual  borings  and  sinkings.  Probably,  as  Mr. 
Morison  suggested,  tliere  may  be  more  hope  in  the  northern  dis- 
tricts. The  remarks  of  Mr.  Atkinson  and  other  speakers  are 
very  interesting  and  valuable  and  tend  to  throw  further  light 
on  the  subject  under  consideration.  He  (Mr.  Simpson)  might 
add  that  a  great  deal  is  still  to  be  ascertained  and  he  sirggested, 
to  the  younger  members  especially,  that  they  would  find  a  profit- 
able and  interesting  stiuly  to  the  further  investigation  of  the 
Mountain  Limestone  formation.  Much  had  already  been  written 
about  it  by  many  of  the  membei"s  and  others,  but  its  importance 
becomes  almost  daily  greater  if,  as  the  writer  ventured  to  pre- 
dict, there  were  workable  seams  lying  under  the  present  coal-field, 
as  they  would  add  many  years  to  the  duration  of  the  great 
northern  coal -industry. 

The  President  (Sir  Lindsay  Wood,  Bart.)  moved  a  hearty 
vote  of  thanks  to  Mr.  Simpson  for  his  valuable  paper. 

Mr.  M.  Waltox  Brown  seconded  the  resolution,  which  was 
cordially  approved. 

Mr.  T.  R.  Gilchrist  read  the  following  description  of  '*  Gares- 
field  Railway  and  Incline'':  — 
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GABESFIELD  RAILWAY  AND  INCLINE.     • 

By  J.  R.  (ULCHRIST. 

The  old  wagonway  was  a  very  zigzag  road,  with  a  some- 
what light  section  of  rail,  and  was  worked  by  two  standing- 
engines  with  drums.  It  was  a  single  line,  the  empty  wagons 
being  hauled  up  and  the  loaded  traffic  taking  the  rope  down.  It 
was  found  that  this  line  was  quite  inadequate,  and  could  not  he 
made  suitable  for  dealing  with  an  increased  tonnage,  such  as  was 
re(iuired.  The  question  was  therefore  considerecl  whether  » 
locomotive  line  c»ould  not  be  made  right  through,  and  various 
sections  were  taken  over  different  routes ;  but  it  was  found  that 
to  dispense  with  a  self-acting  incline  would  mean  a  much  more 
expensive  line,  seeing  that  the  distance  would  be  almost  doabled. 
and,  moreover,  it  would  have  necessitated  making  arrangements 
with  other  landowners.  It  was,  therefore,  d<*cided  to  have  the 
self-acting  incline  as  the  middle  section,  and  to  use  locomotives 
at  the  top  and  bottom  respectively,  conveying  the  traffic  from  the 
collieries  to  the  top  of  the  incline,  and  from  the  bottom  of  the 
incline  to  the  company's  staithes  at  Derwenthaugh  on  the  river 
Tync. 

The  length  of  the  incline  is  alM>ut  8,700  feet:  the  l>ott<>ni  i* 
situated  near  Winlaion  Mill,  on  the  northern  bank  of  the  river 
Derwent,  and  the  top  is  near  (laresfiehl  farm.  The  gradient 
at  the  toj)  is  1  in  14,  the  middle  portion  1  in  til,  and  the  bottom 
portion  1  in  IJ).  The  difference  in  level  b(»tween  the  inp  and  the 
bottom  of  the  incline  is  4(10  feet. 

The  incline  is  worked  by  two  drums.  A,  1")  feet  in  <liameter 
and  (I  feet  \vi(h»,  and  both  drums  are  tixed  on  a  shaft,  10  inches  in 
diameter.  Tlie  <lruin-house  is  placed  at  the  jun<'tion  of  the 
empty-wagon  n»a<ls,  and  the  views  (Figs.  \'\  and  14)  show  that 
the  drum-house  i^  elevated  above  the  emi)ty-wagon  roads.  The 
top  of  the  duini-JMMise  is  covered  with  an  iron  tank,  used  a««  a 
reservoir  to  store  water  for  su|)plying  the  loeonu»tives.        Figs.  1 
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«md  2  (Plate   XXI.)  shew  tht?  ariafigpiiients  at  tlie  top  of  the 
inelini**     There  are  four  sets  of  roads,  the  two  middle  roads  in 
[the  dish  being  empty- wagon  roads,  with  two  full-wagon  roads 
&n  either  side»  elevated  on  kips. 

Approaching  the  incline-top  is  a  long  siding  to  permit  of  tlie 
[looomotiTe  getting  round  its  load.  The  wagons  are  pushed  upon 
[ihe  two  kips,  and  divided  equally  between  the  two  sides. 

The  loaded  traffic  serves  to  the  rope,  and  the  empty  traffic 
fall^  into  the  dish,  after  being  released  from  the  rope.  The 
arrangement  of  the  rails  on  leaving  the  top  of  the  incline  is  also 
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eliewu  in  Figs,  1  and  2  (Plate  XXT.)  and  it  will  he  seen  that 

Ehere  is  a  pair  of  runaway-switches,  B  and  C. 
There  are  two  chocks,  D  and  E,  and  F  and  G,  on  each  of  the 
uU-wagon  roads,  the  loaded  trucks  remain  behind  the  chock, 
D  or  F,  and  when  a  set  of  six  wagons  is  to  be  got  ready,  it  is 
flowered  down  by  the  attendant  between  the  two  chocks  1)  and  E 
^It  F  and  G.  The  rope  is  then  attached  to  the  loaded  wagons,  the 
chock,  E  or  G,  is  opened  ;  and  the  runaway-switch  still  being 
open,  when  it  is  found  that  the  rope  has  got  the  weight  of  all  the 
trucks,  the  runaway-switch,  B  or  C,  is  closed  by  means  of  a  small 
^alvunieed  rope  and  lever,  and  the  set  of  wagons  is  then  at  liberty 
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passing  over  them.  At  the  bottom  of  the  inelJn^,  thpre  hw  all 
four  iets  of  ruili  the  full-wagon  roads  beiiip  on  the  low  level  and 
the  two  empty-wagon  njad^  adjoining  eat^li  other  on  the  high 
leveU  This  h  the  reverse  of  the  arraugemeEit  at  the  ti»p  of  iW 
ineliiie,  but  it  is  required  in  order  that,  in  this  ease,  the  etufvty 
wagons  may  serve  to  the  rope. 

All  the  sheaves  are  made  of  toughened  steel,  and  the  roilerp 
between  the  rails  are  9  inched  in  diameter  by  lOJ  inches  widf 
(Figs.  5  and  (>,  Plate  XXL),  weigh  45  pounds,  and  nin  tuosi*  oa 
the  spindle.  The  ontsirle  dimensions  are  10 A  inehen  wiile  by  11*1 
iuehci  in  diumeter  on  the  tlange.    They  are  erenly  balanced,  am 
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continue  to  run  for  some  considerable  time  after  the  end  of  the 
rope  has  passed  the  sheave.  At  the  top  and  bottom  of  the  incline, 
there  is  a  curv^e  of  2,640  feet  radius,  which  necessitates  the  use 
ox  an^le-curve  sheaves  (Figs.  7  and  8,  Plate  XXI.),  the  spindle 
in  this  case  being  fast.  The  sheave  is  4|  inches  wide,  13|  inches 
in  diameter,  and  weighs  27  pounds. 

The  curve-sheaves  at  the  left-hand  side,  on  leaving  the  top 
of  the  incline,  are  placed  between  the  rails  ;  and,  under  ordinary 
circumstances,  this  would  have  been  the  same  on  the  other  side, 
but  the  sheaves  are  placed,  in  this  case,  on  the  outside  of  the 
rails  to  permit  the  bringing  up  or  taking  down  of  locomotives 
without  having  to  remove  these  sheaves.  This  removal  would 
otherwise  have  been  imperative,  if  they  had  been  placed  in  the 
middle  of  the  road,  as  they  cannot  be  set  sufficiently  low  to  suit 
the  rope  and  to  leave  sufficient  height  above  the  rails  to  clear  the 
works  of  a  locomotive. 

As  the  incline  varies  from  1  in  14  to  1  in  21,  and  it  was  desired 
to  run  with  not  less  than  six  lOi  tons  loaded  wagons,  it  was 
deemed  advisable  not  to  rely  on  a  single  wheel  at  the  top  of  the 
incline,  but  to  provide  two  drums,  of  the  size  already  given,  with 
powerful  brakes,  so  that  the  load  would  be  better  under  the 
control  of  the  drum-attendant;  and,  moreover,  should  either 
rope  break,  in  this  case,  it  would  not  in  any  way  affect  the  other 
set,  whereas  with  an  ordinary  wheel,  the  one  rope  is  connected 
to  both  full  and  empty  sets  of  wagons,  and  hence  any  breakage 
of  either  the  rope  or  the  attachments  of  one  set  would  affect  both 
sets.  It  may  be  asked  why  four  rails  are  used  from  meetings 
to  the  bottom,  instead  of  two  rails ;  but  by  having  four  rails,  any 
break-away  of  the  loaded  set  coming  down  cannot  affect  the 
empty  set  going  up.  Further,  if  the  line  below  meetings  had 
been  either  of  two  or  three  rails,  any  break-away  of  the  loaded 
set  above  meetings  would  of  necessity  have  dashed  into  the  empty 
load,  as  the  empty  load  would  then  have  been  brought  to  a  stand- 
still, owing  to  the  break-away  of  the  full  load.  In  addition,  by 
having  four  rails  near  the  bottom  of  the  incline,  the  attendant,. 
at  the  bottom,  can  see  whether  the  switches  are,  each  time,  in 
their  proper  position ;  whereas  if  they  had  been  placed  half  way 
up  the  incline,  they  might  have  been  interfered  with  without 
anyone's  knowledge,  and  thus  cause  serious  breakages. 

The  sets  generally  consist  of  six  10^  tons  full  and  empty 
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wagons,  but  the  gradient  is  sufficient  for  six  loaded  wagons  to 
haul  up  five  empty  and  one  loaded  wagon,  or  four  empty  and  two 
loaded  wagons,  so  that  there  is  sufficient  margin  of  power  to 
bring  up  any  loaded  traffic  that  may  be  required.  Occasionally, 
sets  of  seven  wagons  are  run,. but  it  is  found  that  six  trucks  is  a 
safe  load,  and  as  much  as  the  attendant  at  the  drums  can  safely 
control ;  but  whether  the  number  of  wagons  to  the  set  be  six  or 
seven  greatly  depends  upon  the  condition  of  the  rails,  as  in  dry 
weather,  seven  trucks  in  a  set  can  be  safely  taken,  though  this 
cannot  be  ventured  when  the  rails  are  greasy.  There  are  two 
brakes  to  each  drum,  and  the  brakes  are  placed  on  both  sides  and 
around  the  dinims.  The  brakes  are  controlled  by  wheels-and- 
gearing,  and  one  wheel  works  the  two  brakes  on  the  outsides  of 
the  drums,  the  other  wheel  works  the  other  two  brakes  on  the 
insides  of  the  drums  and,  if  necessary-,  the  four  brakes  can  be 
applied  together.  In  the  unlikely  event  of  a  breakage  in  the 
brake-gear  of  both  drums,  the  attendant  at  the  bottom  would 
bring  the  set  to  a  standstill  by  using  the  runaway  switch,  and  the 
attendant  at  the  top  would  also  take  means  to  throw  the  set  oft 
the  road,  by  putting  the  points  half-over  or  by  placing  some  other 
obstnielion  on  the  rails. 

The  ropes  are  made  of  crucible  steel,  with  six  strands,  and  are 
•{  inches  in  circumference.  One  of  these  ropes  was  put  on  to 
tlie  old  wajfonway  in  April,  1897,  and  was  transferred  to  the  new 
incline  in  -luly,  1899.  It  is  still  at  work,  and  from  all  appear- 
ances it  will  last  for  some  considerable  time  longer. 

The  method  of  attaching  the  rope  to  the  trucks  is  as  follows :  — 
A  §  inch  chain.  A,  (i  feet  long,  is  ])laced  over  the  drawbar,  un«i'*r 
the  body  of  the  last  truck,  together  with  a  piece  of  ash  timl)er.  B, 
4  feet  lA  inches  long  by  9  inches  deep  and  from  4^  to  oh  inches 
wide,  known  as  the  dtcil  (Fips.  9  and  10,  Plate  XXI.).  The 
devil  is  slung  by  two  small  chains  and  S  links,  C,  behind  the 
wagon-butters  (or  end-stanchions)  of  the  truck  ;  the  two  loose  ends 
of  the  i:  inch  chain.  A,  are  then  brought  under  the  devil,  and 
togetlier  with  the  centre-chain,  I),  the  truck  is  coupled  to  the 
rope-end  chain,  E,  by  a  shackle,  bolt  and  cotter,  F.  The  devil 
is  used  on  account  of  there  being  two  curves  on  the  incline.  Had 
the  incline  been  straight  throughout,  the  devil  wouM  not  have 
])een  neress  -ry,  as  the  rope  would  then  have  been  projH^rly  laid 
upon  the  rollers.     Tlie  object  of  the  <levil  is  to  guide  the  n>pe 
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upon  the  curve-sheaves,  and  to  prevent  the  rope  from  rising  and 
throwing  itself  off  the  sheaves. 

At  the  bottom  end  of  the  incline,  the  rope-end  chain  is  only 
hung  on  to  the  centre-crook  of  the  drawbar  of  the  truck. 

On  the  right-hand  drum,  the  rope  leaves  from  the  top  side ; 
and  on  the  left-hand  drum,  from  the  bottom  side;  the  ropes 
being  placed  on  the  drums  so  as  to  be  at  the  outside  of  the  drums, 
when  the  empty  set  is  cast  oflE  at  the  top  of  the  incline.  This 
provides  for  the  rope  that  is  lying  down  the  incline  being  placed 
as  far  away  from  the  set  that  is  being  landed  at  the  top  as 
possible.  Otherwise,  if  the  ropes  were  cast  off  at  the  inside  of  the 
drums  they  would  be  very  near  the  trucks  that  have  arrived  at  the 
top  and  might  be  a  danger  to  the  attendant  in  landing  the  sets. 

Where  the  top  rope  touches  the  first  two  sheaves  from  the 
drum,  there  is  a  side-movement  of  the  rope  of  about  3  feet,  and 
instead  of  using  one  large  drum-roller,  over  3  feet  long,  which 
would  entail  considerable  friction  to  make  it  move  romid,  this 
roller  is  made  up  of  24  small  sheaves  (Figs.  11  and  12,  Plate 
XXI.).  The  rope  moves  from  one  sheave  to  another,  and  each 
small  sheave  revolves  instead  of  a  long  roller,  and  therefore 
greatly  reduces  the  friction  and  also  the  wear-and-tear.  Each 
of  these  small  sheaves  can  be  replaced  separately,  instead  of,  as 
in  the  other  case,  having  to  replace  a  long  roller.  Each  sheave 
is  li  inches  wide,  12  inches  in  diameter,  and  weighs  15  pounds. 
The  axle  is  2  inches  in  diameter. 

Half-way  from  the  top  of  the  incline  to  meetings,  there  is  a 
runaway-switch  on  either  side  (not  shown  in  Figs.  1  and  3)  worked 
from  the  top  of  the  incline  by  means  of  a  rope  attached  to  a  hand- 
winch.  Below  this  point,  there  is  no  further  provision  until  the 
bottom  of  the  incline  is  reached,  where  a  runaway-switch  is  placed 
on  the  single  and  full-wagon  road  immediately  before  it  reaches 
the  two  full-wagon  roads,  and  it  is  under  the  control  of  the  attend- 
ant at  the  bottom. 

In  addition  to  the  attendant  at  the  drums,  there  is  only  one 
attendant  at  the  top  of  the  incline  and  one  at  the  bottom,  so  that 
in  all  three  hands  are  employed,  together  with  one  boy  employed 
in  oiling  the  sheaves. 

The  time  occupied  in  completing  a  run,  including  the  time 
spent  in  making  the  set  ready  at  the  top  and  the  bottom,  varies 
from  15  to  17  minutes,  of  which  7  to  8  minutes  are  occupied  in  the 
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ruiiiiing  from  start  to  finish  ;  and  when  the  sets  are  in  full  nmniiiif 
the  speed  ranges  from  20  to  25  miles  an  hour.  Under  ordinacy 
conditions,  4  sets  are  run  in  an  hour,  equal  to  24  trucks,  or  240 
tons  of  coal  per  hour ;  but  with  an  additional  workman  at  the  top 
and  the  bottom  this  quantity  could  be  considerably  increased,  and 
6  sets  have  actually  been  run  per  hour,  that  is,  36  trucks,  or  SOO 
tons  of  coal.  There  would  be  no  difficulty  in  running  3,000  tont 
in  an  ordinary  day  of  10  hours  working. 

Since  the  incline  commenced  running  2^  years  ago,  there  hat 
not  been  the  slightest  accident  in  its  working,  and  it  has  fully  met 
all  requirements. 

Mr.  P.  KiRKUP  (Birtley)  asked,  with  regard  to  the  appliance 
described  as  the  "  devil,"  whether  this  was  used  to  keep  down  the 
rope  and  make  it  strike  into  the  sheaves  when  going  round  curvea. 

Mr.  J.  R.  Gilchrist  said  that  it  was  so  used. 

Mr.  Henry  Lawrence  (Newcastle-upon-Tyne)  remarked  that 
the  application  of  a  series  of  rollers,  instead  of  having  one  only, 
was  not  new,  but  the  system  of  oiling  was  original :  one  hollow 
fixed  spindle  went  through  the  whole  of  the  rollers  which  turned 
round  on  it;  and  opposite  the  centre  of  each  roller  was  an  oil- 
hole,  so  that  it  was  self-oiling. 

Mr.  J.  D.  Twixberrow  (Newcastle-upon-Tyne)  wrote  that  he 
was  gratified  to  find  that  the  incline  and  the  drums  for  working 
it  had  hitherto  met  all  reciuirements,  more  particularly  since  the 
responsibility  for  the  design  of  the  machinery  rested  with  Mr. 
G.  H.  Sheffield  and  himself,  and  they  had  not  hesitated  to  intro- 
duce features  which  might  be  considered  to  be  of  a  somewhat 
experimental  nature.  He  appended  some  particulars  in  tabular 
form,  showing  the  general  specification,  with  an  estimate  of  the 
stresses  on  the  rope  and  of  the  speed  of  working.  It  will  be  noted 
that  the  load  hauled  in  daily  work  is  in  excess  of  that  originally 
contemplated ;  it  is  also  apparent  that  the  auxiliary  power  might 
be  dispensed  with  under  all  ordinary  conditions  of  weather  and 
traffic;  and  he  believed  that  no  delay  had  arisen  owing  to  the 
absence  of  the  steam-power  for  which  provision  had  been  made 
in  the  designs.  He  ccmsidered  that  any  excessive  weii?»it  in  the 
drums  was  very  undesirable,  because  an  increase  in  thci  mass  of 
the  moving  parts  prolonged  the  period  during  which  acceleration 


\J^aper  on^  "^j 


OKI 

HOU 


IH 

1 

3  1  N  o  a 

1 

iM 

•^ 

■             IN 

■  OS 

^    i^S  I  D  I  N  G  S 


OF  Incline. 


T^_OON__         »,oi 


-Curve   Sheav 


.  7. 


i 


DIVCUSSIOX — GARESFIELD    RAILWAY   AND    INCLINE.  227 

-was  taking  place,  and  it  also  required  a  larger  axle  with  a  greater 
weight  on  the  bearings,  thus  increasing  the  moment  of  the  fric- 
4:ional  resistance.  The  drums  were  accordingly  made  entirely  of 
steel,  each  drum  had  two  cast-steel  bosses,  halved  upon  the  axle, 
each  boss  carried  eight  radial  arms  of  bulb  T  section,  plated 
flush  outside  and  braced  transversely  by  L  bars.  The  radial 
arms  supported  the  brake-races  and  shill-boards,  which  were 
segmental  castings  of  steel  having  an  inwardly  projecting  flange 
to  which  the  rim -plates  were  ri  vetted.  The  plates  are  not  other- 
wise stiffened  or  supported,  as  they  are  designed  to  resist  the 
cumulative  stresses  due  to  the  superimposed  coils  of  rope,  which 
are  laid  on  under  the  maximum  tension,  purely  by  circumfer- 
ential compression.  The  band-brakes  are  applied  in  independent 
pairs,  but  each  pair  has  one  band  on  each  drum,  so  that  the 
retardation  is  applied  to  both  drums  under  all  circumstances. 
The  running  speed  appeared  to  be  considerably  higher  than 
that  customary  in  self-acting  inclines :  this  was.  an  indication  of 
the  excellent  character  of  the  permanent  way  and  of  the  skilful 
manner  in  which  Mr.  Gilchrist  had  arranged  the  guide-sheaves 
and  provided  for  hooking  on  and  casting  off  the  sets  on  a  practical 
.and  sale  system.  He  would  be  glad  to  know  whether  Mr. 
Gilchrist  found  that  bull-headed  rails  in  cast-iron  chairs  were 
preferable  to  flange-rails  for  roads  of  this  description  :  it  occurred 
to  him  that  the  corrosion,  set  up  by  cinder-ballast  in  contact  with 
the  thin  flanges,  would  be  an  objection  to  the  latter  type.  The 
taction  of  this  class  of  ballast  was  very  destmctive  to  the  floors 
of  steel-bridges,  and  it  was  a  good  practice  to  replace  it  with 
"broken  stone  or  other  non-corrosive  material,  for  a  length  of 
-several  yards  on  each  side  of  such  bridges.  Cinder-ballast  was 
considered  moreover  to  be  bad  for  the  ropes,  which  were  liable 
in  pick  up  gritty  matter  therefrom.  Local  conditions  were 
naturally  of  paramount  importance  in  determining  the  laying- 
out  of  an  incline-railway;  but,  speaking  generally,  the  moat 
-economical  solution  of  the  problem  of  connecting  two  railways  at 
different  levels  would  be  found  in  continuing  the  adhesion- 
roads  as  far  as  possible  up  the  valley  and  along  the  hill-side 
respectively,  and  in  making  the  incline  as  direct  and  short^  as 
possible,  as  the  only  practical  limit  to  the  gradient  was  that  at 
which  the  loads  were  liable  to  be  shifted  by  the  inclination  of  the 
cars. 
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It  appeareu  that  the  working  of  points  and  signals  at  long* 
distances  by  means  of  electric  or  pneumatic  power  would  lead  to 
an  economy  in  the  cost  of  these  railways,  as  a  single  line  with  a 
passing-place  would  meet  requirements  if  the  points  were  con- 
trolled with  absolute  certainty  from  the  brakesman's  cabin: 
runaway  switches  could  be  worked  by  similar  means,  and  the  pro- 
vision of  a  simple  interlocking  gear  would  ensure  the  corrert 
working  of  the  points  for  the  respective  sets. 

General  Specification,  The  Morkiiig  of  the  incline  shall  be  self-acting.  an<f 
each  set  of  5  laden  wagons  sliull  draw  up  o  empty  wagons. 

Two  drums  shall  be  fixed  upon  a  tingle  axle,  a  separate  rope  t>hall  l>e  pro- 
vided for  c>acli  drum  ;  and  the  ropes  shall  bft  coiled  on  the  drums  in  op|»osite 
directions.  The  diameter  and  width  of  the  drum  shall  be  such  that  ihe  entire 
length  of  rope  may  be  wound  up  in  not  more  than  3  complete  coils.  The  internal 
width  ot  the  drum-house  shall  not  exceed  '2o  feet. 

The  running  speed  shall  not  exceetl  '.O-i  miles  per  hour,  say  30  fett  per 
second.  The  machinery  shall  he  capable  of  lowering  3,000  tons  per  working-day. 
An  auxiliar}'  engine  shall  be  geared  at  will  to  the  drums  for  the  puriK)se  of  draw  ing 
up  a  laden  wagon. 

NoTK.  The  addition  of  a  laden  wagon  involves  an  average  increase  of 
20  cwts.  in  the  resistance  up  the  incline,  and  the  maximum  speed  uf  the  drums  ii- 
30  revolutions  \)er  minute.  Therefore,  the  engine,  -when  gei^red  at  6  to  1,  niakei 
234  revolutions  \^v  minute. 

In  order  that  the  engine  may  exert  a  tractive  force  of  20  cvits.,  at  any 
speed,  it  must  be  cajwible  of  indicating  lo3  l.orrtcpower  at  the  aboxe  KjKedr 
because  20  cwt«.  at  30  feet  \wr  8ec«  n«l  is  cijual  to  122horseiM>wfr,  ami  ihee:!  lienij* 
of  the  engine  and  geaiing  n;ay  be  taken  at  SO  ])er  cent. 

Wtiijht  to  1 1*  monti : 

10  wagons  at  6  tons  (>  cwtr*.  earh    ... 
5  loads  of  coal  at  10  tons  10  cwts.  ea<.*h 
(>,  100  yards  of  rope  at  (i  pounds  i)eryard 
2   (hums  of  ir>  t<»n8  each,  n-ferre«l  to  their  ra«lius 
of  gyratitni  :  -  \V    -^  rad.  -^  R  
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inn  on   liOjn  . — 

r>  loa<U-d  wagons  on  incline  of  1  in  l.'> 
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Wfi^jht  of  rope 

Tractive  n>istante  .. 
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Net  traetixe  force     ...  
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Tim^  per  Jauniej/. — A  tractive  force  of  2  tons  7  cwts.  acting  on  a  mass  of 
158  tons  16  cwts.,  produces  an  acceleration  of  0*5  feet-second  per  second.  The- 
time  required  to  attain  the  working  speed  is  (30  x  1  -:-  0*5  — )  60  seconds.  The 
distance  travelled  during  acceleration  is  (^  x  0*5  x  60  seconds  *-)  900  feet;  the 
remaining  distance  of  8,070  feet  is  traversed  in  269  seconds;  and  adding  11 
seconds  for  stopping,  the  total  time  of  the  journey  is  340  seconds,  or  5  minutes 
40  seconds. 

"When  a  Icbden  wagon  is  added,  the  journey  may  be  completed  without  the 
aid  of  the  engine  in  the  following  time  : — A  tractive  force  of  1  ton  7  cwts.  acting 
on  a  mass  of  175  tons  produces  an  acceleration  of  0*248  feet-second  per  second. 
The  time  required  to  attain  the  working  speed  is  (30  x  1  -t-  0*248  =)  121  second?. 
The  distance  travelled  during  acceleration  is  (^  x  0*248  x  121  seconds  «) 
1,815  feet ;  the  remaining  distance  of  7,155  feet  is  traversed  in  'J^S'o  seconds  ;  and 
adding  11^  seconds  for  stopping,  the  total  time  on  the  journey  is  371  seconds  or 
6  minutes  11  seconds. 

The  speed  shall  be  controlled  by  the  application  of  the  brakes,  so  soon  as 
the  maximum  velocity  is  attained. 

Mr.  J.  R.  Gilchrist,  replying  to  the  discussion,  said  that  he 
preferred  bull-headed  rails  and  cast-iron  chains  to  flanged  rails, 
because  they  were  less  liable  to  corrosion  from  cinder-ballast  and 
further  that  the  gauge  of  the  way  could  be  better  maintained. 
With  good  permanent  way  there  was  less  liability  to  derailment 
of  the  wagons,  and  as  there  had  not  been  a  derailed  wagon  since 
the  starting  of  the  incline,  that  was  sufficient  evidence  of  the 
character  and  condition  of  the  permanent  way.  Cinder-ballast 
was  no  doubt  detrimental  to  rails  and  chairs,  but,  with  ordinary 
attention,  the  ballast  could  be  kept  from  coming  into  contact  with 
them.  The  ballast  should  not  be  allowed  to  rise  above  the  top- 
of  the  sleepers  and  the  space  below  the  rails  and  between  the 
sleepers  should  be  kept  clear.  The  ropes  did  not  suffer  from 
the  cinder-ballast  as  the  ballast  was  kept  below  the  level  of  the 
tops  of  the  sleepers  and  the  sheaves  being  spaced  at  the  requisite 
distances  apart  the  ropes  never  came  into  contact  with  the  ballast,. 
Cinder-ballast  is  very  suitable  for  railways  because  it  makes  an 
elastic  bed  for  the  sleepers;  and  as  it  is  a  waste-product  from 
collieries,  it  could  not  be  put  to  better  use  than  in  ballasting  the 
railways.  The  adhesion  roads  were  continued  at  the  top  and 
bottom  of  the  incline  as  far  as  possible,  so  as  to  give  the  shortest 
practicable  length  to  the  incline  at  Garesfield,  and  this  rule  should 
be  enforced  in  all  cases.  The  working  of  the  points  and  run- 
away switches  could  hardly  be  left  in  the  case  of  the  Garesfield  in- 
cline to  the  brakesman,  who  had  already  sufficient  work  to  occupy 
his  attention.     It  was,  however,  a  question  for  discussion  as  to* 
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whether  a  single  line  with  a  pass-bye,  and  similar  arrangemrats 
as  existed  at  Garesfield  was  the  most  economical,  all  things  being 
considered,  as  with  the  former  arrangement  the  labour-cost  would 
be  greater,  but  the  actual  laying  out  and  working  must  be  left 
for  decision  in  each  individual  case.  He  (Mr.  Gilchrist)  did  not 
claim  any  tiling  new  or  novel  in  the  series  of  small  sheaves  used 
instead  of  one  long  roller  and  his  paper  was  simply  a  description 
of  what  was  used  in  actual  practice. 

The  Chairman  (Mr.  J.  S.  Dixon)  moved  a  vote  of  thanks  to 
Mr.  Gilchrist  for  his  valuable  paper. 

Mr.  A.  L.  Steavenson  seconded  the  resolution,  which  was 
cordially  approved. 


A  paper  was  read  by  Mr.  H.  Humpiiris  on  the  **  Driving  of 
an  Inclined  Tunnel  496  yards  long  and  a  Tunnel  842  yards 
long ;  and  a  Description  of  a  Xew  Method  of  Slate-quarrying  in 
North  AVales." 


Mr.  David  IUrxs  read  a  paper  on  **  The  Correlation  of  the 
Beds  of  the  Carboniferous  Series  in  the  North-east  and  North- 
west of  England." 


A   paper  was  read  by  Mr.  John   Kirsopp,  jun.,  on   **  Coal- 
sliipuKMit  and  the  Laying-out  of  Staithe-heads." 


Mr.  Thomas  Dotglas  (Darlington)  moved  a  vote  of  thanks  to 
Mr.  J.  S.  Dixon  for  presiding  over  a  section  of  the  meeting. 

Mr.  H.  C.  Peake  (Walsall)  seconded  the  resolution,  which  was 
cordially  approved. 


Mr.  AiiTiirK  Sopwith  (Cannock  Chase)  moved  a  vote  of  thanks 
to  the  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers  for  the  great  trouble  that  tliey  had  taken  in  connection 
with  the  arrangcincnts  of  the  mwtiiig,  for  the  inti^llwtual 
food  provided  for  their  edification,  and  for  the  entertainment, 
vi.siis  to  works  and  collieries,  etc.,  which  they  were  soon  to  enjoy. 
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Prof.  Redmayxe  (The  University,  Birmingham)  seconded  the 
resolution,  which  was  cordially  approved. 

Sir  Lindsay  Wood,  Bart.,  returned  thanks  on  behalf  of  the 
Xorth  of  England  Institute  of  Mining  and  Mechanical  Engineers. 


Mr.  N.  R.  Griffith  moved  a  vote  of  thanks  to  the  President 
(Sir  Lindsay  Wood,  Bart.)  for  his  services  in  the  chair.  He 
remembered  bir  Lindsay  presiding  at  a  meeting  of  the  North  of 
England  Institute  of  Mining  and  Mechanical  Engineers  held  in 
London  some  26  years  ago ;  he  had  not  seen  much  of  him  in  the 
interval,  but  he  had  found  him  as  efficient  in  Xewcastle-upon- 
Tyne  as  when  he  occupied  the  chair  at  their  meeting  in  Great 
George  Street. 

Mr.  J.  G.  Weeks  seconded  the  resolution,  which  was  carried 
with  acclamation. 

The  President  (Sir  Lindsay  Wood,  Bart.)  said  that  he  was 
much  obliged  to  the  members  for  their  appreciation  of  his 
services. 


The  following  notes  record  some  of  the  features  of  interest 
seen  by  visitors  to  collieries,  works,  etc.,  which  were,  by  kind  per- 
mission of  the  owners,  open  for  inspection  during  the  course  of 
the  Newcastle-upon-Tyne  meeting  on  September  16th,  17th,  18th 
and  19th,  1902:  — 

"  NEWCASTLE  CHRONICLE." 

The  members  visited  the  printing  works  of  the  Newcastle 
Daily  Chronicle,  and  were  shown  the  details  of  the  production 
of  the  special  edition  of  the  Evenifig  Chronicle,  including  the 
operating  of  the  linotype  machines,  and  printing,  folding,  des- 
patching, etc.,  of  the  paper. 
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West  Sleekburn  colliery  is  one  of  a  group  of  four  collieries 
belonging  to  the  Bedlington  Coal  Company,  Limited.  It  is 
situated  in  the  parish  of  Bedlington,  about  3  miles  north-west  of 
Blyth  and  about  16  miles  from  the  river  Tyne. 

There  are  two  pits,  the  downcast  shaft  being  15^  feet,  and  the 
upcast  shaft  9  feet  in  diameter. 
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Fumace-ventilation,  which  prevailed  from  1862  to  1901,  had 
so  corroded  the  tubbing  that  in  1898  it  was  found  imperative  to 
reline  the  upcast  shaft  with  new  tubbing,  and  in  so  doing  to 
reduce  its  diameter  from  9  feet  to  8 J  feet  for  a  length  of  220 
feet.  This,  in  its  turn,  necessitated  the  removal  of  the  upper 
set  of  lifting-pumps  from  this  shaft,  and  its  being  placed  in  the 
downcast  shaft,  and  the  employment  of  a  mechanical  ventilator, 
so  as  to  avoid  the  danger  of  further  corrosion  and  to  increase  the 
air-current  of  the  mine. 

Three  seams  of  coal  are  being  worked,  namely:  — 

Depth  ftt 
ThickneM.  Hh»ft. 

Ft.    In.  Fevl. 

Yard  Seam  2    9  498 

Bensham  Seam 2    6  612 

Low  Main  Seam  5    0  696 

The  output  is  a  little  over  800  tons  per  day,  and  affords  employ- 
ment to  670  men  and  boys  on  the  surface  and  underground. 

The  system  of  working  is  bord-and-pillar  in  the  Low  Main 
seam  and  chiefly  longwall  in  the  other  seams. 

The  seams  have  a  rise  to  the  south-west  of  about  1^  inches^ 
per  yard.  There  is  a  dip-fault  to  the  north  of  about  iV-W  feet  on 
the  extreme  northern  boundary. 

The  winding-engine  is  of  the  type  that  in  1862  found  general 
favour  in  the  north,  namely: — A  vertical  cylinder,  52  inches  in 
diameter  by  6  feet  stroke,  with  a  drum,  19  feet  in  diameter. 

The  pumping-cngine  has  a  vertical  cylinder,  64  inches  in 
diameter  by  7  feet  stroke,  with  a  cast-iron  beam  weighing  40 
tons.  On  the  western  end  of  the  beam  is  a  lifting  and  a  forcing 
set.  The  bottom  set  of  pumps,  18  inches  in  diameter  and  7  feet 
stroke  in  the  pit,  lifts  from  the  Low  Main  seam  standage,  -V-U) 
feet  to  the  mid-shaft  standage  drift;  and  from  this  point  to  the 
surface,  a  rani-set,  1<S  inches  in  diameter  and  7  feet  stroke,  i.»rrt*s 
a  height  of  402  feet  to  bank,  the  rising  main  being  made  of  steel 
pipes,  17  inches  in  diameter,  with  cast -steel  flanges,  rivetted  to 
the  pipes.  The  eastern  end  of  the  beam  carries  a  balanceweight 
of  12  tons. 

The  fan  is  driven  b}-  a  compound  tandem  engine,  fitted  with 
Corliss  valve-gear,  the  high-  and  low-pressnn*  cylinders  being  1-^ 
inches  and  24  inches  res])ectively  in  diameter  by  -Ml  inches  stroke. 
Steam  is  su])plie(l  at  a  pressure  of  100  pounds  ])er  square  inch. 
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The  governor  is  eutting-off  so  as  to  maintain  at  a  speed  of  60 
revolutions  per  minute,  a  fan  of  Waddle  type,  36  feet  in  diameter, 
producing  130,000  cubic  feet  of  air  per  minute  at  a  water-gauge 
of  1*70  inches,  and  65  indicated  horsepower.  The  fan-drift  has  an 
area  of  132  square  feet. 

The  electric-lighting  plant  consists  of  a  trip-gear  engine,  with 
a  cylinder  lOi  inches  in  diameter  by  22  inches  stroke,  supplied 
with  steam  at  a  pressure  of  100  pounds  per  square  inch.  It  runs 
at  90  revolutions  per  minute  and  drives  a  compound -wound 
dynamo  supplying  100  amperes  at  a  pressure  of  220  volts,  equal 
to  360  lamps  of  16  candlepower. 

The  endless-rope  hauling-engine  at  bank,  with  a  cylinder  14 
inches  in  diameter  by  3  feet  stroke,  is  geared  8  to  1.  The  main- 
and-tail-rope  hauling-engine,  with  2  cylinders,  20  inches  in 
diameter  by  4  feet  stroke,  is  geared  2  to  1,  and  is  fitted  with  drums, 
8  feet  and  7  feet  in  diameter,  running  loose  on  the  shaft. 

There  are  8  Lancashire  boilers,  7|  feet  in  diameter  and  30 
feet  long,  working  at  a  pressure  of  45  pounds  per  square  inch ; 
and  2  Lancashire  boilers,  8J  feet  in  diameter  and  30  feet  long, 
working  at  a  pressure  of  120  pounds  per  square  inch.  The  steam- 
pipes  and  some  of  the  boilers  are  covered  with  asbestos  silicate- 
cotton  or  slag-wool. 

The  screening-plant  consists  of  2  belt-screens,  4^  feet  wide 
and  50  feet  long,  with  lowering-ends  worked  by  machinery ;  2 
nut-belts,  4i  feet  wide  and  57  feet  long,  and  3  feet  wide  and  38 
feet  long,  and  a  small-coal  or  duif-belt,  3  feet  wide  and  63  feet 
long.  The  shaking-screens  and  belts  are  driven  by  a  high- 
pressure  engine,  with  a  cylinder  13  inches  in  diameter  and  24 
inches  stroke. 
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Cambois  colliery,  owned  by  the  Cowpen  Coal  Company, 
Limited,  is  situated  on  the  sea-coast,  2^  miles  north  of  the  town 
of  Blyth. 

There  are  two  pits  sunk  on  the  royalty,  75  feet  apart.  The 
downcast  and  winding  shaft,  15i  feet  in  diameter,  contains 
pumps,  steam-pipes  and  electric  cables.  The  upcast  and  ventil- 
ating shaft,  14  feet  in  diameter,  is  used  as  a  relief  shaft,  in  case 
of  an  accident  happening  to  the  downcast  shaft. 


284  CAMBOIS   COLLIERY. 

The  Low  Main  seam  is  worked  at  a  depth  of  636  feet  and  the 
Yard  seam  at  435  feet ;  and  the  coal  from  the  Yard  seam  is  run 
down  a  drift,  1,560  feet  in  length  with  a  gradient  of  1  in  12,  to 
the  level  of  the  Low  Main  seam. 

The  Low  Main  seam,  with  an  average  section  of  5  feet,  is 
worked  by  the  bord-and-wall  system,  and  the  workings  extend 
8,000  feet  under  the  North  Sea. 

The  Yard  seam,  with  an  average  section  of  2§  feet,  is  worked 
by  the  longwall  system :  all  the  coal  is  removed,  and  the  engiue- 
plancs  are  made  in  packed  roads. 

The  vertical  condensing  winding-engine,  built  about  1863, 
has  a  cylinder  65J  inches  in  diameter  and  7  feet  stroke,  with  a 
rope-drum,  22  feet  in  diameter.  Steam  is  supplied  at  a  pressure 
of  20  pounds  per  8(|uare  inch.  The  pulleys  are  16  feet  in 
diameter.  Plough-steel  ropes,  4i  inches  in  circumference,  are 
used.  The  weight  of  the  cages  and  ropes  is  counterbalanced  by 
an  iron-wire  balance-rope  of  the  same  size  as  the  winding-rope, 
attached  to  the  bottom  of  the  cages  and  running  in  a  groove 
(without  a  wheel)  in  the  bottom  scaffold.  Four  tubs,  each  canr- 
ing  13  cwts.  of  coal,  2  tubs  on  a  deck,  are  raised  at  a  lift. 

The  haulage  is  on  the  main-and-tail  rope  system,  worketl  by 
three  Fowler  semi-poriiible  engines.  Two  of  the  hauling-engines 
have  cylinders  14  inches  in  diameter,  and  the  third  has  cylinders 
12  inches  in  diameter,  and  all  of  14  inches  stroke,  and  geared  3  to  1. 
St  cam  is  supplied  at  a  pressure  of  70  pounds  per  square  inch. 
The  steam  is  brought  down  the  shaft  by  a  range  of  wrought-iron 
pipes,  9  inches  in  diameter,  secured  by  steel-channel  coUarings, 
everj'  15  feet,  and  fitte<l  with  three  expansion-joints  in  the  range. 
Thirty-eight  tubs  are  run  in  a  set  in  the  Low  Main  seam,  and 
2S  in  the  Yard  seam.  The  haulage-ropes  are  made  of  improved 
steel,  2i  inches  in  circumference.  The  average  distance  hauled 
is  about  (»,()()()  feet  from  seven  landings,  the  farthest  l)eing  S,7tM» 
feet,  and  the  nearest  3,120  feet. 

The  ventilation  of  150,000  cubic  feet  per  minute  at  1  inch 
of  water-gauge  is  produced  by  means  of  a  furnace,  with  a  fire- 
grate area  of  12<I  sciuare  feet,  burning  dulV  and  refuse-coal. 

The  horizontiil  pumping-engine,  placed  at  the  bottom  of  the 
downcast  shaft,  has  2  cylinders  each  22  inches  in  diameter,  and 
2  rani-punips,  J)  inches  in  diameter,  all  of  5  f(H»t  stroke,  an«l  is 
capable  ot  dealing  with  400  gallons  of  water  ])er  minute. 
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The  keapstead  is  carried  on  cast-iron  columns  with  rolled- 
iron  girders,  and  is  covered  and  roofed  with  corrugated  iron. 
The  screening-plant  is  capable  of  dealing  with  1,500  tons  of 
coal  per  day.  It  comprizes  three  jigging-screens  and  picking- 
belts,  and  one  small  coal-belt.  Each  screen  is  arranged  so  that, 
by  altering  a  trap  in  the  small-coal  hopper,  the  small  coal  can  be 
diverted  on  to  the  main  picking- belts  should  unscreened  coal  be 
required.  The  picking-belts  are  75  feet  long  and  4  feet  wide,  and 
travel  at  the  rate  of  75  feet  per  minute.  The  full  tubs  are  con- 
veyed from  the  weighing-table  to  the  tipplers  by  creeper-chains, 
and  after  teaming  are  raised  by  steam-lifts,  which  in  ascending 
turn  a  quarter  revolution  to  the  level  necessary  to  enable  the  tubs 
to  gravitate  back  to  the  shaft.  The  coal,  from  the  tipplers,  falls 
on  to  spreading  belts  rising  1  in  7J  to  the  jigger-screens.  The 
whole  of  the  screening-plant  is  driven  by  an  horizontal  engine, 
fitted  with  automatic  expansion-gear,  with  a  cylinder  12i  inches 
in  diameter  and  26  inches  stroke. 

Steam  is  generated  in  7  Lancashire  boilers,  28  feet  long  and 
8  feet  in  diameter,  working  at  a  pressure  of  100  pounds  per  square 
inch  ;  and  5  Lancashire  boilers,  28  feet  long  and  7  feet  in  dia- 
meter at  45  pounds  per  square  inch.  All  the  boilers  are  fired 
with  washed  duff  coal.  The  high-pressure  steam  is  reduced  to 
suit  requirements  by  being  passed  through  reducing  valves. 

The  electric-power  plant  consists  of  a  40  units  dynamo,-driven 
by  an  horizontal  engine,  with  a  cylinder  13A  inches  in  diameter 
and  30  inches  stroke,  supplied  with  steam  at  a  pressure  of  80 
pounds  per  square  inch.  The  current  is  conveyed  to  6  pumps 
underground,  situated  at  distances  varying  from  4,500  to  7,500 
feet  from  the  generating-station.  Each  pump  is  driven  by  a  6 
horsepower  motor.  The  shaft-cables,  with  19  wires  of  No.  13 
Birmingham  wire-gauge,  have  a  resistance  of  4,000  megohms ; 
and  the  underground  cables  range  from  19  wires  of  No.  14  wire- 
g'auge  to  7  wires  of  No.  17  gauge,  with  a  resistance  of  2,000 
megohms.  The  steam  for  this  engine  is  generated  in  a  loco- 
motive type  of  boiler  at  the  power-station.  An  Arons  wattmeter 
is  fixed  in  the  engine-house  on  the  main  cable,  in  order  that  the 
output  of  the  dynamo  may  be  continuously  recorded.  This 
plant  has  been  in  continuous  use  for  the  last  8  years. 

The  under-clay  and  blue-shale,  sent  out  of  the  mine,  is  manu- 
factured into  bricks  by  a  machine  with  an  output  of  10,000  bricks 
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a  day.  The  machine  is  driven  by  an  engine,  similar  to  that 
driving  the  screening-plant,  and  takes  its  steam  from  the  main 
boilers.  The  bricks  are  burnt  in  ordinary  kilns,  each  holding 
8,000  bricks. 

About  300  tons  of  small  coal  per  day  can  be  treated  in  the 
coal-washing  plant,  which  consists  of  an  elevator  with  stamped- 
steel  buckets,  a  Robinson  washer,  and  two  revolving  duff-riddles, 
each  13  feet  long  and  4  feet  in  diameter,  with  a  gauze  of  fV  inch 
mesh,  all  driven  with  chain-drives  by  an  engine  of  the  same 
dimensions  as  that  working  the  screening-plant.  When  nut 
coal  is  being  made,  the  duff,  taken  from  it,  can  be  washed  at  the 
«ame  time. 

A  private  railway,  2  miles  in  length,  connects  the  colliery 
with  the  Cowpen  Coal  Company,  Limited's  staithes  on  the  river 
Blyth.  There  are  two  shipping-staithes,  with  two  spouts  each. 
The  west  st^iithe  is  40  feet,  and  the  east  st^ithe  30  feet,  ab<»ve 
high-water  mark,  and  there  is  a  depth  of  24  feet  at  low-water  at 
each.  The  east  staithe  is  fitted  with  an  anti-breakage  apparatus, 
which  has  received  the  approval  of  the  Admiralty.  It  consists 
of  a  box,  holding  2i  tons  of  coal,  made  in  halves  and  hinged  at 
the  top,  and  slung  to  a  crane.  When  full,  the  weight  of  the 
coal  carries  the  box  to  the  bottom  of  the  hold  of  the  ship: 
there,  the  catch  holding  the  halves  together  is  released,  an<l  the 
coal  is  deposited  in  the  bottom;  the  Im)x  then  closes  automatic- 
ally and  is  drawn  again  into  position  for  loading  by  means  of 
cminterl)alaiicc-wcights  on  the  crane.  This  operation  is  con- 
tinued until  a  cone  is  formed,  with  its  top  level  with  the  hatch- 
way, the  box  is  then  housed  and  the  loading  continued  in  the 
ordinary  manner.  One  of  Messi's.  Border'  four-masted  sailing- 
ships,  taking  '],tS()()  tons  of  coal  to  Valparaiso,  was  recently 
loaded  with  this  apparatus. 


THK  IMPROVKMENT  OF  BLYTH  HAKBOIK. 

Hlyth  harbour,  situate  about  the  centre  of  the  Xorthunil)er- 
land  coal-field,  is  the  natural  port  of  shipment  for  upwards  of  40 
collieries.  Although  coals  have  been  shi])ped  at  the  mouth  of 
the  liver  for  upwanls  of  <I00  years,  it  is  only  during  the  last 
20  years  that  Hlyth  has  risen  to  prominence  as  a  coaling-port. 
From  ISl*)  to  ISIJT,  the  harlxuir  consisted  of  a  short   length   of 
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the  river-channel,  nearly  dry  at  low  water,  having  a  few  small 
coaling-staithes  on  the  south  side,  and  a  ballast-quay  on  the  north 
side.  The  sea-channel  of  the  river  Blyth  runs  south-south-east- 
ward, following  approximately  a  line  of  fault  in  the  roeks  which 
form  an  extensive  reef,  dry  at  low  water,  upon  its  eastern  side. 

In  1850,  a  pier,  consisting  of  timber-framing,  enclosing  a 
hearting  of  rubble-stone,  was  built  upon  this  reef:  and  on  the 
west  side  of  the  channel  a  training  jetty  of  timber  was  con- 
structed. At  this  time,  the  channel,  although  dredged  to  a  depth 
of  4  feet  at  low  water,  was  shoaled  by  every  storm  to  about  low- 
water  level.  In  1807,  two  coaling-staithes  were  opened  at  the 
iioith  side  and  a  depth  was  dredged  alongside  sufficient  for 
vessels  of  1,200  tons. 

This  condition  of  the  harbour  obtained  until  1881,  when  the 
Blyth  Harbour  Commissioners,  in  conjunction  with  the  North- 
eastern Kailway  Company,  constructed  two  coaling-staithes  at  the 
south  side.  In  1885,  a  new  west  pier  was  constructed  to  protect 
the  channel  from  shoaling  upon  that  side,  and  the  east  pier  was 
extended  in  solid  concrete.  In  1887,  a  new  entrance-channel, 
having  a  depth  of  10  feet  at  low  water,  was  dredged  about  210 
feet  to  the  west  of  the  old  channel,  thus  clearing  a  reef  of  rocks, 
which  extended  on  the  line  of  the  old  channel  for  1,500  feet 
outside  of  the  pier-head,  the  great  cost  of  removing  which  would 
have  made  it  impracticable  to  provide  a  deep-water  channel  upon 
the  old  line.  In  1888,  two  additional  coaling-staithes  were  con- 
structed at  the  south  side  of  the  harbour.  In  189G,  the  harbour 
was  enlarged  and  deepened,  and  four  additional  coaling-staithes 
were  constructed  ou  the  north  side.  In  1898,  the  entrance- 
channel  was  widened,  and  deepened  to  10  feet  at  low  water.  In 
1899,  a  new  south  harbour  of  25  acres  in  area  was  completed, 
having  a  depth  varying  from  •{()  to  38i  feet  at  high  water,  with 
M'hai'%*es,  cranes  and  railway-connections. 

The  following  is  a  summary  of  the  improvement  of  the 
harbour  during  the  last  20  years: — In  1882,  the  harbour-area 
was  about  25  acres  and,  except  at  the  Cambois  staithes,  was  prac- 
tically diy  at  low  water;  it  could  not  accommodate  more  than 
about  40  small  sailing-vessels,  while  the  channel  to  sea  was  fre- 
quently shoaled  to  about  low-water  level. 

At  the  present  time,  the  area  of  the  harbour  is  about  83  acres, 
the  depth  varies  from  22i  to  38i  feet  at  high  water,  and  it  is 
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capable  of  accommodating  over  100  large  steamships,  and  ship^ 
up  to  10,000  tons  capacity  have  used  the  harbour.  The  sea- 
channel  has  a  depth  of  15  to  16  feet  at  low  water,  and  is  capable 
of  being  deepened  to  20  feet. 

The  following  shews  the  increase  in  the  coal -shipments  :  — 


1883 
1884 
18«i5 
188ti 
1887 
1888 
18S9 
1890 
1891 
1892 


TODB. 

146,264 

362,879 

526,667 

661,749 

585,484 

1,018,335 

1,263,327 

1,715,406 

2,047,480 

2,1.57,140 


1893 
1894 
18»5 
1896 
1897 
1898 
1899 
1900 
1901 
1902 


Tods. 
2,342,020- 
2,643,778 
2,534  558 
2,506,916 
2,722,024 
3,033,976 
3.297,596 
3,318,0ia 
3,230,885 
3,279,350 


In  addition  to  coal-shipments  there  is  a  considerable  import- 
trade  in  timber.  There  is  also  an  extensive  shipyard^  and  five 
large  graving-docks  at  the  port. 

The  chief  improvements  at  present  in  progress  are  the  widen- 
ing of  the  entrance-channel,  by  two  steam-hopper  dredgers, 
and  the  reconstruction  of  the  old  east  pier,  by  enclosing  it  in 
concrete. 

SEGHILL  COLLIERY. 

The  output  of  about  1,580  tons  of  coal  per  day  is  drawn  fromr 
two  shafts. 

The  colliery  is  ventilated  by  an  open-running  fan,  35  feet  in 
diameter,  driven  by  a  Corliss  engine  with  a  cylinder  16  inches  in 
diameter  by  3  feet  stroke,  fitted  with  sugar-tong-clip  valve-gear. 
The  engine  is  controlled  by  a  governor,  which  varies  automatic- 
ally the  cut-oif  and  maintains  a  regular  spotnl,  even  when  the 
steani-i)n'ssure  varies.  The  sjkhmI  is  readily  altertHl  by  changing 
the  weights  ]>lace(i  on  the  governor,  and  this  can  1h»  e;i8ily 
ellVcted  while  the  engine  is  running.  The  results  of  experiments, 
a(  sj)eeds  (»t  40  and  t>()  revolutinna  per  minute,  are  recordetl  in  the 
following  table :  — 


N...  of  K»v.,hi 
tioiiH  (it  Kau 
\Ht  Minute. 


40 


Vdliiiiic  <if  Air 
\K'T  Mtntitr. 

Cul'ir  F««t. 

i;<3,y,v2 
20.">,i»:« 


W«t«r-t:»i>t(tf 


lOU 


Imlii-attil 

r..w.-i  .»t 

Kti)(iiie. 


41>1W 


I'M'ful  KfflVt 


IVp  Crlil. 

4917 
52  (W 
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A  vertical  engine,  with  a  cylinder  9i  inches  in  diameter  and 
9  inches  stroke,  running  at  200  revolutions  per  minute,  drives  a 
dynamo  of  15  horsepower.  The  current  is  conveyed  to  a  motor 
of  10  horsepower  placed  in  the  Low  Main  seam,  driving  a  three- 
throw  ram-pump,  delivering  100  gallons  of  water  per  minute 
against  a  vertical  head  of  120  feet. 

The  main-and-tail-rope  haulage  is  worked  by  an  horizontal 
engine,  with  a  cylinder  13i  inches  in  diameter  by  30  inches 
stroke,  fitted  with  valve-gear  controlled  by  a  governor,  which  auto- 
matically varies  the  cut-off  and  maintains  a  constant  speed.  The 
speed  can  be  varied  between  70  and  100  revolutions  per  minute  by 
altering  a  spring  attached  to  the  governor,  and  this  can  be  done 
while  the  engine  is  running.  When  not  employed  in  hauling, 
the  tail-rope  drum  can  be  put  out  of  gear,  and  a  clip-wheel  put 
into  gear;  and  the  power  is  then  transmitted  by  means  of  an 
endless  wire-rope  to  the  main  differential  ram-pump  placed  in 
the  Low  Main  seam,  and  forces  the  water  to  the  surface. 

Two  similar  engines  work  the  endless-rope  haulage  in  the 
Blake  and  Yard  seams,  with  lOi  and  7J  miles  of  rope  respectively. 
The  shop-engine  has  a  cylinder  lOA  inches  in  diameter  and  22 
inches  stroke. 

An  engine,  with  a  cylinder  10^  inches  in  diameter  and  22 
inches  stroke,  works  the  screens,  including  4  shakers,  4  bar-belta 
for  best  coal,.  45  feet  long,  with  lowering  arms ;  2  belts  for  small 
coal ;  1  duff-coal  creeper ;  3  tub-creepers ;  and  4  kick-ups.  These 
are  erected  in  an  iron  building  with  H  girder  steel  legs. 

All  the  engines  are  supplied  with  steam  at  a  pressure  of  100 
pounds  per  square  inch,  except  two  old  vertical  condensing  wind- 
ing-engines, with  cylinders  33  and  34  inches  in  diameter  respect- 
ively, for  which  the  pressure  is  reduced  to  40  pounds  per  square 
inch.  All  steam  is  superheated.  There  is  one  range  of  5  Lanca- 
shire boilers,  8  feet  in  diameter  and  30  feet  long.  The  pit  and 
shops  are  worked  by  3  boilers,  mechanically  fired  with  small- 
coal,  mixed  with  some  rough  nuts. 

The  gas-works  comprize  9  fire-clay  retorts  and  two  gas-holders. 
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MESSRS.    LOCKE    BLACKETT    AND    COMPANY, 
LIMITED:   LEAD-WORKS. 

In  pnxhicinjjf  white-lead  bv  the  old  Dutch  stack-process,  the 
metallic  lead  is  cast  into  thin  plates  and  placed  upon  earthen- 
ware pots  containing  dilute  acetic  acid,  which  in  turn  rest  upon 
a  layer  of  spent  oak-bark ;  boards  are  placed  above  the  lead,  and 
other  layers  of  bark,  pots,  lead  and  boards,  are  placed  in  the 
stacks  until  the  stacks  are  full.  After  a  period  of  about  3  months, 
the  material  is  removed  from  the  stacks,  and  a  considerable  pro- 
portion of  the  metallic  lead  is  found  to  have  been  converted  into 
hydrated  carbonate  of  lead.  This  is  crushed,  washed,  ^ound 
and  dried,  and  then  becomes  the  **  i^enuine  dry  white-lead  "  of 
commerce.  For  painters'  recfuiremeuts,  it  is  prround  in  refined 
linseed  oil. 

COXSETT  IRON-AVORKS,  CONSETT. 

Coal  and  Cokk. 

The  Consett  Iron  Company,  Limited,  at  the  present  time,  own 
eleven  collieries,  extending  over  an  area  of  13,000  acres,  and  pro- 
ilucting  annually  about  1,500,000  tons  of  coal.  There  are  about 
1,050  coke-ovens,  producing  about  000,000  tons  of  coke  per 
annum.  The  greater  propoilicm  of  the  coke  is  consumed  at  tlie 
company's  blast-furnaces,  and  the  remainder  is  sold  for  use  in 
blast-furnaces,  etc.,  in  Cumberland,  Cleveland,  and  foreign  pip- 
iron  producing  districts. 

Pi(;-iR()X. 

nidst-furnuvrs. — The  7  blast-furnaces  are  earh  55  feet  high, 
with  a  hearth  J)  \'(}i}i  in  diamet^»r;  height  to  top  of  bosh,  'Ji^ 
feet;  diameter  of  the  bosh,  20  feet:  <lianieter  of  the  throat,  14^ 
feet;  and  a  lu»ll  with  an  opening  of  KlA  feet.  There  are  seven 
tuyeres  to  each  furnace.  All  the  furnaces  are  fed  with  material 
by  means  of  a  b(»II  and  liopjuM',  with  a  standard  beam  and 
hydraulic  brake.  The  ore  and  other  material  for  the  furnaces 
is  eonveycMl  on  a  high-level  approarli,  considerably  above  the 
tops  of  the  furnac(^,  in  bottom-door  trucks,  and  is  tipped  from 
these  into  depots,  fnmi  which  the  charging  barrows  are  filled. 

Each  of  the  furnaces  is  e<iuipped  with  three  Cowjier  stoves, 
varying  from  05  to  90  feet  in  height,  and  from  *J1  to  24  fet>t  in 
diameter. 
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The  pressure  of  blast,  now  maintained,  is  5  pounds  per  square 
inch,  and  its  temperature  on  entering  the  furnace  is  about  1,200° 
Falir.  At  the  present  time,  six  furnaces  are  in  blast,  and  the 
seventh  one  is  being  relined.  The  six  furnaces  are  making 
Bessemer  pig-iron  from  imported  Spanish  and  other  ores,  and 
produce  on  an  average  750  tons  per  furnace  per  week.  Tlie 
limestone  comes  from  the  Consett  Iron  Company's  quarries  at 
Stanhope-in-Weardale. 

The  blowing  engines  are  either  of  the  beam  or  the  vei-tical 
tandem  type.  There  are  six  beam-engines,  and  two,  being  obso- 
lete, will  shortly  be  removed.  The  remaining  four  engines  of 
this  class  have  steam-cylinders,  50  inches  in  diameter  ;  and  blow- 
ing-cylinders, 100  inches  in  diameter,  by  9  feet  stroke,  designed 
for  a  blast-pressure  of  5  pounds  per  square  inch.  The  two 
vertical  tandem  engines  have  steam-cylinders  50  inches  in 
diameter;  and  blowing-cylinders,  100  inches  in  diameter,  by  5 
feet  stroke,  designed  for  a  working  pressure  of  10  pounds,  and 
in  case  of  emergency  will  work  to  15  pounds  per  square  inch. 
Tliey  are  fitted  with  Wheelock  steam-valve  gear  and  Adamson 
expansion-governors. 

The  steam  required  for  driving  the  blowing-engines,  etc.,  is 
raised  in  19  double  egg-ended  boilers,  each  consisting  of  two 
lengths,  35  feet  long  by  4^  feet  i^  diameter;  and  12  double 
tubular  boilers,  each  31J  feet  long,  six  of  which  are  7  feet  in 
diameter,  and  the  remainder  7^  feet  in  diameter.  At  the 
present  time,  three  blocks  of  two  boilers  are  being  erected,  each 
of  the  Babcock-Wilcox  water-tube  type,  capable  of  working  to 
a  pressure  of  160  pounds  per  square  inch.  The  waste-gases 
from  the  stoves  and  boilers  pass  through  a  large  underground 
flue  to  a  fire-brick  chimney,  250  feet  high  and  16^  feet  in  internal 
diameter,  at  the  top. 

The  slag  from  the  furnaces  is  removed  in  side-tipping  ladles, 
with  a  capacity  of  10  tons. 

Engines  and  Brush  dynamos,  which  generate  the  energy  for 
lighting  the  works,  are  placed  in  Nos.  1  and  4  blowing-engine 
houses. 

Steel  Plates. 

There  are  two  melting-shops  supplying  ingots  for  the  manu- 
facture of  steel  plates.  In  the  east  shop,  there  is  a  range  of 
nine  Siemens  open-hearth  furnaces,  six  of  35  tons  capacity,  and 
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ihree  of  28  tons.  In  the  west  shop,  there  are  eleven  similar 
furnaces,  nine  of  20  tons  capacity,  one  of  28  tons  and  one  of 
35  tons.  These  furnaces  are  supplied  with  ^as  from  a  range  of 
33  steam-blown  Siemens  gas-producers.  The  two  melttng-shops 
produce  about  4,200  tons  of  ingots  per  week. 

The  Xo.  2  cogging-mill  is  a  28  inches  mill,  driven  from  the 
Xo.  2  plate-mill  engine,  through  steel  bevel -gearing,  and  is 
reversed  by  means  of  a  steam-clutch.  The  mill  consists  of  one 
stand  each  of  pinions  and  rolls,  fitted  with  the  usual  live-roller 
frames,  and  screwing  and  edging  gear.  Cutting  is  done  by 
means  of  a  steam-hammer  placed  at  right  angles  to  the  mill,  and 
served  by  a  steam  jib-crane.  This  mill  is  capable  of  dealing  with 
about  1,050  tons  of  ingots  per  week. 

Tlie  No.  1  plate-mill  has  one  stand  of  pinions,  one  stand  of 
rouffhing  rolls,  and  one  stand  of  finishing  rolls,  each  OJ  feet  Inng 
by  25  inches  in  diameter,  driven  by  a  high-pressure,  direct-act- 
ing, non-condensing  engine,  with  a  fly-wheel  weighing  70  tons. 
The  steam-lift  is  capable  of  handling  slabs  weighing  from  20 
to  25  cwts.  The  capacity  of  the  mill  is  equal  to  400  tons  of  plated 
per  week. 

The  Xo.  2  plate-mill  is  a  rhitch-revorsing  mill,  and  nmtains 
one  stand  of  pinions,  one  stand  of  roughing  rolls,  and  one  stand 
of  finishing  rolls,  each  7  feet  long  by  25  inches  in  diameter.  The 
mill  is  driven  by  a  high-pressure,  direct-acting,  non -condensing 
fly-wheel  engine ;  and  the  reverse  action  is  obtained  by  the  live- 
wIhm*!  mrtiiod  and  a  dutch-motion.  All  the  wheels,  shafts  and 
<'lutches  arc  made  of  Siemens  steel.  The  output  of  Xo.  2  mill 
is  about  800  tons  of  plates  per  week. 

Kach  of  the  i)re<-eding  plate-mills  has  plate  and  scrap-shear- 
ing machines  conveniently  i)laced  for  its  use.  There  are  <» 
Liincashirc,  *J  Habcock- Wilcox  boilers,  and  15  furiiace-sf.ick 
boilers,  making  a  tr>tal  of  2-$  boilers  for  driving  these  mills. 

The  Xo.  4  cogging-mill  is  a  45  inches  mill,  having  one  stand 
of  ])inions  and  one  stand  of  cogging  rolls,  driven  by  an  engine 
with  a  pair  of  couple<l  high-pressure,  non-condensing,  dire«»t- 
iv'ting  cylinders,  geared  at  2i  to  1,  the  wheels,  shafts  and  coup- 
lings all  being  made  of  Siemens  mild  steel.  The  mill  is  provided 
with  livc-ndler  gear  on  each  side,  and  hydraulic  edging  geavr  on 
the  delivery  side.  The  top  roll  is  balanced  by  hydraulic,  and  the 
screwing  is  eiVe<'te<l  by  steam-power.     In  a  line  with  the  mill. 
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a  larj^e  bloom-shearing  machine  is  placed,  driven  by  a  high- 
pressure  reversing  engine,  and  provided  with  live  rollers  mounted 
in  falling  tables  on  the  receiving  and  delivery  sides  of  the  shear. 
The  ingots  are  heated  in  6  vertical  heating-furnaces,  served  by 
a  steam-derrick  locomotive  crane.  This  plant  is  capable  of 
cogging  2X>()i)  tons  of  steel  ingots  per  week. 

The  No.  3  plate-mill  has  one  stand  of  pinions,  one  stand  of 
roughing  rolls,  one  stand  of  finishing  rolls,  and  one  stand  of 
chequering  rolls,  the  roughing  and  finishing  rolls  being  each  6 J 
feet  long  by  25  inches  in  diameter,  and  the  chequering  rolls  6i 
feet  long  by  25  inches  in  diameter,  and  all  are  driven  by  a  high- 
pressure,  direct-acting,  non-condensing  fly-wheel  engine,  geared 
inversely  as  IJ  to  1.  The  mill  is  furnished  with  a  similar  steam- 
lift  to  that  at  No.  1  plate-mill,  and  it  is  also  equipped  with  the 
necessary  plate  and  scrap  cutting-shears.  It  produces  about  380 
tons  of  plates  per  week. 

The  No.  4  plate-mill  is  a  28  inches  clutch-reverse  mill,  driven 
l>y  a  high-pressure,  direct-acting,  non-condensing  fly-wheel 
engine,  the  reverse  action  being  obtained  by  the  five-wheel 
method  and  a  clutch-motion,  and  all  gearing  and  shafts  are  made 
of  Siemens  mild  steel.  The  mill  has  one  stand  of  pinions,  one 
«tand  of  roughing  rolls,  and  one  stand  of  finishing  rolls,  these 
latter  being  8  feet  long  by  28  inches  in  diameter.  The  delivery 
side  of  the  mill  is  provided  with  a  traversing  steam-platform, 
constructed  so  as  to  work  the  plates  to  and  fro  through  the  rolls, 
and  also  to  take  them  bodily  from  the  roughing  rolls  to  the  finish- 
ing rolls ;  and  the  receiving  side  is  fitted  with  live  roller-frames. 
A  15  tons  steam  travelling-crane  running  overhead  upon  steel- 
built  box-girders  is  used  for  roll-changing.  There  are  2  strong 
plate-shearing  machines,  each  capable  of  cutting  plates  li  inches 
thick.  The  output  of  this  mill  is  1,250  tons  of  steel  plates  per 
week. 

A  battery  of  14  hand-fired  Lancashire  boilers  is  installed  out- 
side of  the  roof  area ;  and  in  addition  there  are,  in  the  cogging- 
mills  and  plate-mills,  16  boilers,  making  a  total  of  30  boilers ;  8 
being  vertical,  4  Lancashire  and  4  Cornish  boilers. 

Angles,  etc. 

The  ingots  for  the  angle-mills  are  supplied  from  the  north 
melting-shop,  containing  7  Siemens  open-hearth  furnaces,  the 
charges  for  which  are  28  tons.     These  furnaces  are  of  similar  con- 
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struct  ion  to  thope  in  the  east  and  W3st  melting-shops,  but  are  laiJ 
out  somewhat  more  conveniently,  with  ample  space,  and  hav- 
ing unusually  large  and  well  ventilated  valve-chambers.  Gas 
is  supplied  from  15  Siemens  producers,  to  the  melting-furnaces, 
and  these  also  are  conveniently  laid  out  for  dealing  with  both 
coal  and  ashes.  The  ingot-producing  capacity  of  these  furnaces 
is  1,800  tons  per  week. 

The  45  inches  cogging-mill  is  driven  by  a  high-pressure  non- 
condensing  engine,  with  2  cylinders  45  inches  in  diameter  by 
5  feet  stroke,  fitted  with  piston-valves  and  Alhin  link-motion, 
and  geared  at  2  to  1.  It  comprises  one  stand  of  roll-housings,  ;in<i 
one  stand  of  pinions,  seated  upon  cast-iron  bed-plates.  Tht^ 
mill,  with  live  roller-gear  on  each  8i<le,  is  designed  for  dealing 
with  slabs  or  billets.  The  capacity  of  this  mill  is  about  2,50*) 
tons  per  week. 

The  32  inches  angle-mill  is  driven  by  a  reversing  high -pressure 
non-condensing  engine,  with  2  cj-linders  54  inches  in  diameter 
by  4A  feet  stroke,  fitted  with  piston-valves  and  Allan  link-motion, 
and  coupled  direct  to  the  mill  by  an  inside  crank-shaft  and  steel 
couplings.  The  mill,  which  is  about  125  feet  distant  from  the 
bloom-shear,  has  one  stand  of  pinions,  one  stand  of  roughing 
rolls,  and  one  stand  of  finishing  rolls,  all  coupled  through  steel 
boxes  and  spindles.  The  capacity  of  this  mill  is  about  2, (KM)  ton< 
per  week. 

The  22  inches  angle-mill  is  <lriven  b}'  a  reversing  high-pressure 
non-condensing  engine,  with  2  cylinders  40  inches  in  diameter  by 
4  feet  stroke,  coupled  through  steel  boxes  and  sj)indles  in  the  same 
manner  as  the  ')2  inches  mill.  It  coniprizes  one  stand  ot  ))ininn*«. 
one  stand  of  roughing  rolls,  and  one  stand  of  finishing  rolls,  with 
livi»  roller-gear  on  the  reccMving  antl  delivery  sides,  aiul  an  in- 
clined shoot  on  the  receiving  side.  The  live  roller-gear  lea<ls  inmi 
the  mill  to  the  billet-shear  and  steam  einular  sawing-marhine  : 
and  on  a  line  with  these  is  a  n»lief  live  roller-frame  for  di«*- 
trihuting  the  rolled  bars,  as  in  the  o2  inches  mill.  The  <*aparity 
of  this  mill  is  ahout  1,<I(M)  tons  pt»r  week. 

'i'he  12  inches  guide-mill  is  driven  by  a  high-pressure  n«m- 
condensing  fly-wheel  engine,  with  2  cylinders  •{()  inches  in  «lia- 
m(»ter  by  2A  feet  stroke,  fittiNl  with  piston-valve  ami  governor- 
gear.  It  consists  of  one  stand  of  pinions,  one  stand  of  roughing 
rolls,  on<»  stand  of  finishing  rolls,  and  two  stands  of  guide-rolN. 
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all  coupled  through  steel  boxes  and  spindles.  A  steam  circular 
sawing-machine  and  billet-shear  are  likewise  provided.  This  is 
a  reheating  mill,  and  two  furnaces  are  conveniently  placed, 
with  stack-boilers  attached.  The  capacity  of  this  mill  is  about 
350  tons  per  week. 

The  cogging-mill  is  served  by  a  25  tons  overhead  square  shaft 
steam-crane;  and  two  overhead  cranes,  each  of  15  tons  capacity, 
with  attached  boilers,  traverse  the  three  angle-mills  and  roll- 
turning  shop,  these  being  placed  in  one  line  and  under  one  roof. 

The  roll-turning  shop  is  placed  at  the  end  of  the  32  inches  mill^ 
and  contains  three  powerful  lathes,  each  driven  by  its  own  engine. 
The  hydraulic  plant  comprizes  two  sets  of  Worthington  high- 
pressure  pumps,  one  accumulator  and  tank,  with  automatic  gover- 
nor gear  attached,  working  to  a  pressure  of  700  pounds  per  square 
inch. 

There  is  a  battery  of  18  Lancashire  boilers  fired  by  automatic 
stoking-gear.  They  are  arranged  in  pairs,  and  work  through 
nine  iron  chimneys  lined  with  brick.  The  mill-furnace  boilers 
are  of  vertical  type,  with  one  internal  flue  fitted  with  cross  tubes, 
and  stand  upon  cast-iron  columns.  All  the  boilers  arc  designed  to 
carry  a  pressure  of  100  pounds,  and  in  daily  working  are  pressed 
to  80  pounds  per  square  inch.  The  steam-pipes,  from  9  inches  in 
diameter  upwards,  are  made  from  Siemens  mild  wrought-steel 
in  lengths  up  to  16  feet,  welded  from  end  to  end,  with  solid  flanges 
contracted  and  rivetted  on. 

The  bar-bank  is  arranged  at  the  southern  end  of  the  mills. 
Bar-skidding  gear  is  provided,  worked  from  the  driving-engine 
through  sliaftiug,  the  friction-cones  being  set  in  motion  by 
hydraulic-rams.  The  loading  on  the  bank  is  done  by  two  3  tons^ 
steam  locomotive  travelling  cranes,  having  30  feet  jibs. 

There  are  the  usual  fitting,  blacksmith,  boilersmith,  pattern- 
maker, joiner  and  other  shops,  where  renewals  and  repairs  to 
machinery  and  other  plant  are  executed. 

The  foundry  is  situated  at  Crookhall,  1|  miles  from  the  main 
works,  and  has  a  capacity  of  200  tons  of  castings  per  week.  The 
plant  consists  of  three  cupolas,  air-furnace,  drying-stoves,  loam- 
mill,  and  blowing-plant,  with  two  25  tons  overhead  steam-cranes^ 
and  one  hand-power  jib-crane.  The  ingot-moulds,  and  the  whole 
of  the  castings  necessary  for  mill  and  general  ironwork  repairs,. 
are  made  here.  There  are  pattern  and  blacksmith  shops,  and  a 
brass-foundrv. 
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The  brick-works,  about  i  mile  from  the  iron  and  steel  works, 
have  a  capacity  of  about  120,000  bricks  per  week.  There  are  10 
brick-burning  kilns,  each  equal  to  18,000  bricks  per  load,  fired  by 
the  waste-heat  from  four  rows  of  coke-ovens  immediately  ad- 
joining, the  waste-gases  from  which  are  collected  in  one  lar^^e  flue, 
and,  after  passing  through  the  kilns,  are  conveyed  in  small  flues 
under  the  floor  of  the  drying-shed.  There  are  also  a  small  mill 
and  press  for  mixing  and  making  ganister-bricks,  which  are  burnt 
in  two  suitable  hand-fired  kilns. 

The  locomotives  and  locomotive-cranes  are  of  various  classes, 
and  55  are  in  general  use.  The  locomotive  repairing-shop  is 
situated  at  Templetown,  about  1  mile  from  the  works,  on  the 
main  line  between  the  works  and  the  collieries,  and  is  furnished 
with  all  necessary  tools  and  appliances. 
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The  first  sod  of  the  Theresa  or  south  shaft  was  out  by  the 
Marchioness  of  Londonderry,  and  the  first  sod  of  the  Castlereagh 
or  north  shaft  by  Viscount  Castlereagh,  on  August  2(5th,  1899. 

Sinking  operations  comnienced  on  April  17th,  1900. 

Both  shafts  will  be  20  feet  in  internal  <Hameter  when  rnm- 
pleted. 

Tlunsu  Pit. — The  Theresa  shaft  is  now  IJ50  feet  deep,  an<l  has 
225  feet  of  cast-iron  tubbing,  and  9G  feet  of  brick  lining  in  it. 
The  hirgcst  feeder  yet  met  with  in  this  shaft  was  0,075  gallons 
per  minute,  at  a  depth  of  19f)  feet  from  the  surface. 

The  ground  sunk  through  in  this  pit  is  as  follows:  — 
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Several  small  bore-holes  have  been  put  down  from  the  bottom 
of  this  pit,  and  it  has  been  found  that  the  sand  lies  19  feet  below 
the  present  pit-bottom.  The  sand  is  84  feet  thick.  It  is 
thought  that  the  sand  is  somewhat  solidified,  and  that  it  will  be 
sunk  through  without  much  trouble. 

In  this  shaft,  there  are  pumps  capable  of  delivering  7,000 
gallons  per  minute,  namely :  — Two  24  inches  and  one  25  inches 
pumping  sets,  and  two  vertical  sinking-pumps,  with  cylinders 
respectively  24  inches  and  IG  inches  in  diameter  by  24  inches 
stroke,  each  capable  of  pumping  1,000  gallons  per  minute  from 
^  depth  of  300  feet. 

Sinking  operations  in  this  shaft  have  been  suspended  until 
the  north  pit  reaches  the  same  depth,  so  as  to  permit  of  both 
shafts  being  taken  through  the  sand  together. 

Castlereagh  Pit, — The  Castlereagh  shaft  is  at  present  190  feet 
deep.  It  has  the  same  amount  of  brick  lining  as  the  other  shaft, 
but  has  only  one  lift  of  tubbing,  33  feet  long,  completed.  At 
present,  another  lift  of  tubbing,  53  feet  high,  is  being  inserted. 
The  present  feeder  is  the  greatest  yet  met  with,  amounting  to 
4,480  gallons  per  minute. 

The  section  of  this  shaft  is:  — 
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To  clear  the  water  from  this  pit,  a  drift  has  been  driven  from 
the  Theresa  shaft  in  a  northerly  direction,  and  a  bore-hole,  lined 
with  steel  tubes  9^  inches  in  internal  diameter,  has  been  put 
down  into  this  drift,  and  the  water,  which  runs  downward,  is 
pumped  at  the  Theresa  shaft.  There  is  also  a  sinking-pump, 
similar  to  those  in  the  other  pit,  hung  in  this  shaft  to  pump  the 
excess-water,  which  the  bore-hole  cannot  drain  off. 

The  water  in  both  shafts  is  pumped  into  a  drift,  90  feet  below 
the  surface,  from  which  it  runs  to  the  sea-beach. 
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It  is  proposed,  when  tlie  CavStlereagh  shaft  reaches  the  same 
depth  as  the  Theresa  sliaft,  to  put  in  four  30  inches  sets  of  pumpji 
— two  standing:  sets  and  two  sinking  set« — for  pumping  the  water. 
wliil©  cfoinpr  throuprli  the  sand. 

Enghiis,  (tc. — The  sinking-engines  liave  each  two  cylinders  24 
inclies  in  diameter,  and  a  stroke  of  4  feet.  The  drum  is  6  feet 
wide,  and  8  feet  in  dianieier.  The  locked-coil  rope  is  OJ  inches 
in  circumference.  These  engines  will  eventually  Ik*  used  s«* 
underground  hauling-engines. 

The  pumping-engine  for  working  the  two  24  inches  sets  and 
one  25  inches  set  in  the  Theresa  shaft  has  two  cylinders,  30  inches 
in  diameter  and  a  stroke  of  G  feet,  and  the  flywheel  is  24  feet 
in  diameter. 

The  main  crab-engine  has  two  cylinders,  14  inohe>  lu 
diameter  and  a  stroke  of  3  feet:  it  is  geared  1(1  to  1,  and  cL'' 
rope  is  (ii  inches  in  circumference.  The  cylinders  of  the  ground 
crab-pngine  are  8  inches  in  diameter  and  a  stroke  of  14  iuclie«: 
it  is  geared  30  to  1,  and  works  with  a  roi>e  5A  inches  in  cir- 
cumference. 

The  foundations,  4A  feet  thick,  of  the  permanent  winding- 
engine  houses  have  becMi  built,  their  outside  measurements  bein^r 
CM  feet  by  4SA  feet,  and  23i  feet  dee]). 

The  permanent  winding-engines  will  be  of  the  Corliss-valve 
type,  with  cylinders  40  inches  in  diamet<»r,  and  a  stroke  of  0  feet, 
and  the  drum  will  be  10  feet  wide  and  20  feet  in  diameter. 

An  engine  is  used  for  ccmipressi ng  air  to  drive  the  rock-drill* 
used  in  the  bottom  of  the  pit. 

Jhfiiirs,  etc. — There  are  S  Galloway  boilers,  each  30  feet  lonfj 
and  S  tct»t  in  dianu'tiM',  fitted  with  two  furnaces,  3J  feet  in 
diameter,  working  at  a  pressure  of  100  pounds  per  square  in(*h 
There  are  also  3  locomotive-type  boilers,  but  these  are  not  being 
used  at  present. 

There  an*  four  sets  of  (ircen  fu<»l-e<()nomizers  of  12()  tuWs 
each.  Tin*  gases  enter  the  economizer-tlues  at  a  temperature  of 
oOi)^  Kahr.  and  leave  at  300^  F:ihr.,  and  the  water  enters  the 
etononii/.crs  at  tS')©  Fahr.  ami  leaves  them  at  about  24(K^  Fuhr. 

The  chimney  for  the  (ialloway  boilers  is  KJO  feet  high,  it* 
base  is  24  feet  s(|Uare,  and  the  inside  diameter  at  the  top  is  12  ftH*t. 

There  are  two  water-softening  tanks,  each  15 A  fet^t  by  15 A  feel 
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by  10  feet  deep,  holding  15,000  gallons  each,  and  capable  of  treat- 
ing 60,000  gallons  per  day.  The  water  for  boiler-feed  purposes 
is  softened  in  these  tanks  by  the  Archbutt-Deeley  process,  and 
the  hardness,  which  is  originally  about  10  degrees,  is  reduced 
to  4  or  5  degrees.  About  40  pounds  of  lime  and  7  pounds  of 
alkali  are  used  for  each  tank  treated,  at  a  cost  of  about  0*4Gd. 
per  1,000  gallons. 

8EAHAM  HARBOUR  WORKS. 

The  works  under  construction  consist  of: — (1)  New  Dock,  10 
acres  in  extent,  with  27A  feet  of  water  at  high  water  of  ordinary 
spring  tides ;  (2)  entrance  to  dock,  200  feet  long  and  G5  feet  wide, 
with  inner  and  sea-gates :  (3)  harbour- wall  and  sea-wall  enclosing 
the  quay-space ;  (4)  North  and  South  Piers,  forming  an  outer  har- 
bour of  30  acres  with  an  entrance,  300  feet  wide ;  and  (5)  coal-tips, 
staging,  etc. 

The  New  Dock  is  built  partly  on  the  site  of  two  old  docks, 
namely  :  —The  Old  South  and  Old  Dr>^  Harbour,  and  partly  on  the 
foreshore.  The  Old  South  Dock  is  now  being  pumped  dry.  The 
excavation  on  the  site  of  the  Old  Dry  Harbour  is  completed,  and 
that  on  the  portion  of  the  dock  on  the  foreshore  is  in  progress.  The 
excavation  is  in  limestone,  which  is  blasted  and  then  filled  into 
wagons  by  steam -navvies.     A  good  deal  of  water  is  met  with. 

The  walls  of  the  dock  are  built  in  cement-concrete,  with  a 
masonry-facing,  for  13  feet  from  the  top,  finished  with  a  granite- 
coping.  The  entrance  is  to  be  built  in  similar  work.  At  present 
the  western  roundheads  are  built,  and  a  cofferdam  is  under  con- 
struction to  enclose  the  remainder.  This  cofferdam,  of  concrete 
from  9  to  12  feet  thick  at  the  top,  with  a  foundation  from  12  to  20 
feet  wide,  has  been  under  construction  for  two  years ;  large 
portions  have  been  washed  away  during  winter  storms. 

The  North  Pier  is  1,335  feet  long,  25  feet  thick  on  the  top  for 
a  length  of  623  feet  and  30  feet  for  712  feet.  The  South  Pier  is 
878  feet  long,  20  feet  thick  on  the  top  for  a  length  of  578  feet  and 
25  feet  for  300  feet.  Both  piers  are  built  of  concrete-blocks  faced 
with  freestone-ashlar.  Those  for  the  North  Pier  (which  has  to 
stand  the  heaviest  gales)  weigh  30  tons,  and  those  for  the  South 
Pier  20  tons.  The  blocks  are  all  made  in  the  blockyard  on  the 
north  side  of  the  works,  and  those  for  the  South  Pier  are  taken 
round  by  a  tunnel  specially  constructed  for  this  purpose. 
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The  blockyard  is  furnished  with  Taylor  concrete-mixers.  The 
gravel  procured  from  the  beach,  and  cement  from  the  shed  is  taken 
up  by  the  elevators  to  the  mixers  and  passing  through  the  mixer» 
is  led  by  narrow-gauge  trucks  to  the  various  blocks.  The  block- 
yard  is  spanned  by  a  goliath-crane  of  100  feet  span,  capable  of 
lifting  40  tons. 

The  blocks  are  set  on  a  foundation  of  mass-concrete,  which  ifr 
laid  on  the  rock  under  water  by  divers  and  levelled  for  the  recep- 
tion of  the  blocks.  The  piers  are  finished  with  a  granite-copinir 
on  each  side,  and  a  subway  runs  the  whole  length  of  each  and  will 
enable  the  attendants  to  reach  the  lighthouse  in  stormy  weather. 

Owing  to  the  exposed  position,  the  preliminary  work  of  en- 
closing the  site,  forming  the  ground  for  the  blockyard,  etc.,  has 
required  considerable  time.  The  severe  storms  in  the  autumn  and 
winter  of  1901-2  also  caused  considerable  damage,  the  works 
being  practically  stopped  for  6  months. 

The  plant  in  use  on  the  works  includes: — G  locomotives,  210 
wagons,  3  steam-navvies,  8  cranes,  2  titan-cranes,  1  goliath-crane, 
10  portable  engines,  1  set  of  winding  gear,  4  concrete-mixers,  11 
steam-pumps,  etc.     About  400  men  are  usually  employed. 


HYLTON  COLLIERY. 

Ilylton  colliery  is  situated  on  the  site  of  the  Wear  steel-works, 
on  the  northern  side  of  the  river  Wear,  about  2  miles  above 
Sunderland. 

Shafts. — There  are  tlire(»  shafts:  the  east  and  west  pits,  each 
20  feet  in  diameter,  are  used  for  coal-drawing,  and  the  south  pit, 
\iy  feet  in  diameter,  is  the  upcast  and  faii-shalt. 

Tlie  east  and  soutli  pits  are  sunk  to  tlie  Ilutton  seam,  with  an 
average  section  of  4A  feet  of  clean  coal,  at  a  depth  of  1,580  twt. 
The  west  pit  has  been  sunk  to  the  Maudlin  seam,  5  feet  9  inches 
thick,  at  a  depth  of  1,440  feet.  All  three  shafts  are  lined  througb- 
out  with  brick-walling. 

]Vinfii/i(/'t  fif/inis.—  The^  winding-engines  at  the  east  and  weM 
pits  are  in  every  way  similar.  They  have  2  cylinders,  -W  inches 
in  diameter  hy  H  feet  stn)ke,  and  are  fitted  with  double-l)oat  valve* 
and  automatic  cut-olV  gear.  The  working  steam-pressure  is  120 
pounds  per  si|uare  inrh.  The  winding-drums  are  20  fot»t  in 
diameter  on  the  clendin^',  whicli  is  of  oak,  7  in<'hes  thick,  fixe<l  on 
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steel  lagging-plates ;  they  are  fitted  with  strap-brakes  worked  by 
a  foot-lever,  in  addition  to  powerful  steam-brakes. 

WindtTig-ropeSy  Pvlleys  and  Cages. — The  winding-ropes  M^e  of 
mild  steel,  5^  inches  in  circumference.  The  pulleys,  carried  on 
frames  of  steel  lattice-work,  are  20  feet  in  diameter ;  they  are 
of  German  manufacture,  the  rim  being  built  in  segments  and 
carried  on  the  boss  by  tapered  flat-steel  spokes.  The  small  cages, 
at  present  in  use,  will  shortly  be  replaced  by  double-decked  cages, 
carrying  4  tubs  on  each  deck.  An  endless  rope  hung  from  the 
cage-bottoms  counterbalances  the  winding-rope. 

Heapstead  and  Banking^out  Arrangements, — The  heapstead 
is  built  on  brickwork  arches,  the  floor  is  of  steel  girders  and  con- 
crete laid  with  a  gradient,  which  allows  the  tubs  on  leaving  the 
cage  to  gravitate  to  the  tipplers,  and,  after  being  emptied,  to  run 
to  the  creepers  at  the  back  of  the  shafts,  whence  they  are  raised 
to  a  level  from  which  they  run  automatically  back  to  the  banks- 
men. 

The  output  of  the  colliery  has,  up  to  the  present,  been  dis- 
posed of  as  unscreened  gas-coal,  and  the  jigging-screens  which 
have  been  erected  are  not  as  yet  in  use  as  screens.  All  the  coal 
is,  however,  passed  over  the  picking-belts. 

Ventilating  Fan. — A  Waddle  fan,  25  feet  in  diameter  at  the 
blade-tips,  is  in  course  of  erection,  it  will  be  driven  by  a  tandem 
eomx>ound  engine  with  cylinders,  18  and  30  inches  in  diameter 
by  24  inches  stroke.  This  fan  will  replace  a  small  furnace, 
which,  up  to  the  present,  has  produced  ample  ventilation ;  it  is 
placed  in  the  east  pit  at  a  depth  of  940  feet,  and,  though  only 
raising  the  temperature  to  a  mean  of  (yiP  Fahr.,  it  is  producing 
a  current  of  80,000  cubic  feet  of  air  per  minute. 

Haiilage, — It  is  intended  to  introduce  an  endless-rope  system 
of  main  haulage;  and  secondary  engines,  placed  inbye,  having 
two  cylinders  10  inches  in  diameter  by  16  inches  stroke,  and 
driven  by  compressed  air,  will  haul  to  the  landings  from  the  flats ; 
some  of  these  engines  are  already  in  use. 

Air-compressors. — There  are  two  Ingersoll-Sergeant  two-stage 
air-compressors,  one  is  already  in  use  and  the  second  is  in  course 
of  erection.  The  steam-cylinders  are  18  and  30  inches  in  dia- 
meter,  the  water- jacketted  air-cylinders  are  25J  and  16J  inches 
in  diameter  by  24  inches  stroke.  The  air  leaves  the  low-pressure 
cylinder  at  38  pounds,  and  passes  through  the  intercooler  to  the 
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high-pressure  cylinder,  where  the  pressure  is  inerease<l  to  100 
pounds  per  square  inch. 

Lighting, — The  whole  of  the  surface  and  the  shaft-bottoms  are 
electrically  lighted,  the  current  being  supplied  from,  a  Tyne 
dynamo  driven  by  a  50  horsepower  Robey  engine.  The  output 
of  the  dynamo  is  400  amperes  at  110  volts  at  600  revolutions  per 
minute,  being  equivalent  to  750  lamps  of  16  candlepower. 

Boilers. — One  battery  of  6  Lancashire  boilers,  30  feet  long  by 
8i  feet  in  diameter,  is  already  seated,  though  only  4  are  in  use, 
supplying  steam  at  a  pressure  of  120  pounds  per  square  inch.  A 
similar  battery  will  be  put  down  shortly  to  replace  the  old  boilers 
of  the  steel-works,  as  i\\Q\  cannot  safely  be  pressed  beyond  75 
pounds. 


NEWCASTLE-UPON-TYNE  CORPORATION  TRAiHVAYS : 
MANORS  POWER-HOUSE. 

The  power-station  for  the  tramway  system  is  located  almost 
in  the  centre  of  the  area  of  supply,  and  consists  of  large  steel- 
framed  buildings,  with  brick-walls. 

A  conniM'iioii,  from  the  railway,  runs  at  a  high  level  over  a 
timber  and  steel  elevated  road,  and  the  coal  is  dischjirged  direct 
from  the  hoi)pered  railway-wagons  into  the  bunkers  al)Ove  the 
boilers,  from  which  it  is  fed  by  automatic  weighing-machines 
into  automatic  stokers.  For  steam-raising  purposes,  there  are 
8  Lancashire  boilers,  each  •!()  feet  long  by  8J  feet  in  diameter, 
working  at  a  pressure  of  100  j)oun(ls  per  scjuare  inch,  with  econo- 
mizer and  natural  draught.     The  brick-chinincy  is  177  feet  higb. 

In  the  engine-house,  there  are  3  marine-type  engines,  fitted 
with  Corliss  valves,  two  of  1,000  horsepower  each,  and  one  of 
!2,00()  horsepower.  The  engines  are  pr(»vi(le<l  with  surface-con- 
densers, and  Edward  air-pumps. 

Thn»e  dynamos  are  cou])led  direct  to  the  three  engines,  and 
supply  current  at  a  pressure  of  500  volts  through  a  large  switch- 
board to  the  traction-mains.  In  addition,  current  is  sup])lietl 
from  the  same  switchboard  by  separate  feeders  for  the  arc-light- 
ing of  the  town. 

Circulating  water  for  the  surface-condensers  is  providetl  from 
the  River  Tyne,  which  is  alxmt  \  mile  distant  from  the  station, 
ami  00  feet  below  the  level  of  the  engines.      Two  large  mains  24 
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inches  in  diameter,  are  run  down  to  a  pumping-station  alongside 
the  quay-wall,  where  two  centrifugal  pumps  force  the  water  to 
the  power-station  up  one  pipe,  and  the  water  returning  by  the 
other  pipe,  drives  turbines,  which  help  to  drive  the  pumps,  the 
surplus  power,  due  to  friction,  loss  of  head,  etc.,  being  supplied  by 
motors  coupled  direct  to  each  pump. 

There  are  at  present  16i  miles  of  double  tramway-track  in 
use,  and  about  165  cars  of  various  types,  bogie  and  4- wheeled,  for 
which  there  is  one  car-shed  in  the  centre  of  the  town,  another  at 
the  extreme  northern  end  at  Gosforth,  and  the  third  at  the  eastern 
•end,  at  Byker.  The  latter  forms  also  a  machine-shop  for  repairs 
•and  building  of  cars. 


SIR  W.  G.  ARMSTRONG,  WHITWORTH  &  COMPANY, 
LIMITED:   ELSWICK  WORKS. 

The  steel-works  were  opened  in  1883,  with  the  idea  of  supplying 
gun-steel  to  the  Ordnance  works,  but  of  late  years  large  quiantities 
-of  outside  orders  have  been  undertaken. 

The  steel-works,  at  the  eastern  end  of  the  Elswick  works,  ex- 
tend over  a  length  of  1,100  feet,  and  cover  an  area  of  about  60,000 
square  yards.  The  melting-plant  comprises  8  furnaces,  which 
are  capable  of  a  weekly  output  of  upwards  of  1,200  tons  of  steel, 
and  ingots  can  be  cast  up  to  a  weight  of  80  tons. 

The  forging  plant  is  worked  hydraulically,  and  can  turn  out 
120  tons  of  forgings  per  week.  There  are  4  large  forging 
presses  and  several  smaller  ones.  The  largest  of  the  presses 
^xeits  a  pressure  of  5,000  tons.  The  pressure  required  by  the 
forging  plant  is  supplied  by  5  Corliss  pumping-engines,  each 
indicating  1,000  horsepower.  Propeller- shafting  has  been  forged 
under  the  forging  presses  in  lengths  of  80  feet,  which  shafting  has 
afterwards  been  trepanned  from  end  to  end. 

In  the  foundry,  steel  castings  for  gun  and  carriage  work, 
marine  and  electrical  general  machinery  and  anchors,  and  the 
largest  stem  and  stem-posts  and  rudder-frames  are  manu- 
factured. The  weekly  output  of  castings  amounts  to  about  60 
tons. 

There  is  an  extensive  plant  of  heavy  machinery  for  dealing 
-with  forgings  and  castings. 

The  department  employs  about  2,000  hands. 
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^'ORTHERN  WOOD-HASKIXIZIXG  COMPAXY,  LlitlTElK 

The  haskin  system  of  treating  wood  consists  in  placing  the  raw 
timber  in  a  large  steel  cylinder  or  treating  chamber,  and  super- 
heated air  is  applied  under  great  pressure.  The  high  tempera- 
ture, ranging  from  300°  to  400°  Fahr.,  is  sufficient  to  destroy  the 
tendency  to  germinate,  and  to  kill  all  fungi,  germs  and  insect  life 
in  the  wood ;  and  to  produce  a  much  higher  percentage  of  anti- 
septic and  preservative  matter  than  is  found  in  untreated  timber. 
With  the  high  pressure  employed,  evaporation  or  bubbling  of  the 
essential  oils  or  sap  in  the  wood  is  entirely  prevented,  and  the 
chemical  changes  which  take  place,  as  a  consequence  of  the 
application  of  heat,  penetrate  to,  and  remain  in,  every  partirle 
of  the  fibre,  liefore  removing  the  wood  from,  the  cylinder,  it  i* 
allowed  to  cool  down  under  the  same  pressure,  with  the  result 
that  the  new  compound  arising  from  the  heating  of  the  natural 
fluids  in  the  wood  is  consolidated  with  its  fibre. 

Haskinizing  considerably  lengthens  the  life  of  timber  in  actual 
use,  and  by  its  consolidation  of  the  fibres  of  soft,  succulent  varieties 
of  wood,  which  are  thus  made  stronger  and  more  durable,  very 
iniportaiil  economies  may  be  ott'ectcd.  The  process  is  applicable 
to  every  species  and  variety  of  timber,  tilting  it  for  immediate 
use  for  every  purpose,  from  the  coarsest  (jualilies  suit^ible  for  tuit- 
sid(»  work  to  the  finest  kinds  required  for  structural  and  cabinet 
work,  carving,  interior  decorations,  etc.  No  extraneous  matter 
is  used  in  the  process,  and  no  offensive  odours  are  emitted  from  the 
wood  after  treatment. 

Tests  of  the  transverse  and  crushing  strength  have  been  ma«le 
of  three  logs  of  pitchpine.  Kach  log  was  cut  into  thnn*  piece**, 
one  of  which  was  left  in  its  natural  state,  a  second  was  haskini/.ed. 
an<l  the  third  was  creosoted,  making  nine  pieces  available  for  the 
experiments.  The  tests,  as  certifieil  by  Messrs.  Kirkahly  &  Son. 
indicated  that  the  modulus  of  rupture  by  transverse  stress  was 
14  per  cent,  higher  for  the  haskinized  wood  than  for  the  untreated, 
and  'J9  p(M-  cent.  high(»r  than  for  the  creosoted  wood.  The  crushin;? 
strength  of  the  haskinized  wood  was  4  per  cent,  above  that  of  the 
untreated  :iinl  7  ])er  cent.  al)ov«»  that  of  the  creos(»tetl  w«M>d. 
Cheiiiical  analysis  showe<l  that  there  was  '27  per  cent,  of  resliiou^ 
preservative  constitutents  in  haskinized  w<K»d,  as  compareil  witli 
10  per  cent,  in  similar  untreated  wood. 
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NEWCASTLE-UPON-TYNE  ELECTRIC  SUPPLY  COM- 
PANY, LIMITED :   NEPTUNE-BANK  WORKS. 

General  Notes. — In  June,  1899,  the  Walker  and  Wallsend 
Union  Gas  Company  obtained  Parliamentary  powers  to  supply  the 
urban  districts  of  Wallsend  and  Willington  with  electric  power, 
and  proceeded,  in  January,  1900,  with  the  erection  of  a  power- 
station  on  a  site  midway  between  Carville  and  Walker,  close  to 
the  Riverside  branch  of  the  North-eastern  railway.  In  October, 
1900,  the  Newcastle-upon-Tyne  Electric  Supply  Company, 
Limited,  purchased  the  entire  plant  put  down  by  the  Gas  Com- 
pany, with  the  exception  of  the  cables  and  sub-station  machinery 
installed  for  the  purpose  of  supplying  the  works  in  the  area  in 
which  the  Gas  Company  had  obtained  Parliamentary  powers. 
The  Supply  Company  further  entered  into  an  agreement  with  the 
Gas  Company,  in  whicli  the  latter  undertook  to  buy  electricity  in 
bulk  from  the  former.  The  Supply  Company  also  obtained^ 
further  powers  authorizing  them  to  lay  high-tension  cables  from 
their  power-house  at  Wallsend  to  various  sub-stations  in  New- 
castle-upon-Tyne. At  the  same  time,  they  decided  to  change 
their  entire  system  of  supply,  which,  up  to  this  date,  had  been  by 
means  of  single-phase  alternating  current  generated  at  Pandon- 
dene  power-station  at  a  pressure  of  2,000  volts,  with  house  to 
house  transformers.  The  new  scheme  included  the  generation 
of  three-phase  current  at  5,500  volts,  having  a  periodicity  of  40 
cycles  per  second,  and  the  transformation  of  the  same  to  continuous 
current  by  means  of  motor  generators  in  sub-stations  each  de- 
signed to  have  a  total  capacity  of  2,000  kilowatts.  In  the  begin- 
ning of  1901,  the  work  of  changing  the  lighting  network  from  al- 
ternating to  direct  current  was  started,  the  direct  current  being 
on  the  three- wire  system  (2  by  240  volts).  It  may  be  of  interest 
to  note  that,  since  the  Neptune-bank  power-station  started  work, 
motors  having  the  aggregate  capacity  of  over  4,500  horsepower 
have  been  connected.  These  motors  are  used  in  all  classes  of 
trades,  and  varj'  in  capacity  from  A  U>  50  liorsepower. 

Power-station. — The  boiler-house,  which  is  of  corrugated  iron, 
adjoins  the  engine-room  on  the  south  side.  The  dimensions  of 
each  building  are  100  feet  by  52  feet.  On  the  north-east  of  the 
power-house  lies  the  cooling-pond,  where  the  circulating-water 


256  NEPTUNE-BANK   WOBKS. 

is  cooled  by  means  of  spray  nozzles,  capable  of  cooling  4,000,000 
pounds  of  water  per  hour.  This  system  of  dealing  with  the  cir- 
culating-water was  adopted  because  of  the  great  cost  of  pumping 
sufficient  water  direct  from  the  river,  which  is  some  60  feet  below 
the  level  of  the  power-station. 

On  the  other  side  of  the  power-house,  is  the  testing-pond,  which 
is  capable  of  absorbing  1,500  kilowatts. 

The  overhead  line  (low-tension  three-phase,  and  direct  current) 
leaves  the  power-house  on  this  side;  it  is  used  for  a  supply  of 
current  to  the  Neptune  engine-works,  and  the  Walker  shipyard. 

Boiler-house. — There  are  four  batteries  of  Babcock- Wilcox 
boilers,  each  consisting  of  2  boilers  of  about  1,000  horsepower, 
fitted  with  superheaters,  mechanical  stokers,  etc.  The  working 
pressure  is  200  pounds  per  square  inch  and  the  superheat  ranges 
from  100°  to  120°  Fahr.  Each  boiler  has  a  heating-surface  of 
4,020  square  feet,  and  will  evaporate  14,000  pounds  of  water  per 
hour. 

Among  the  fittings  is  an  apparatus  for  determining  the  quality 
of  the  flue-gases.  An  economizer,  with  280  tubes  and  the  usual 
motor-driven  scrajior-gear,  serv^es  to  heat  the  feed-water  l)efore 
<»ntering  the  boilers. 

The  steam-pipes  are  made  of  solid-drawn  steel  tubes;  one 
main  header,  7  inches  in  diameter,  supplies  the  main  engines; 
tind  a  separate  hea<ler  is  used  for  the  auxiliary  engines. 

The  ashes  are  discharged  into  trucks  in  the  ash-tunnel  and 
ave  raised  by  an  elevator  at  the  south-eastern  end  of  the  house. 
An  electric  locomotive  of  20  horsejwwer  is  used  for  conveying 
<»oal  to  the  boiler-house  from  the  railway. 

Knf/ines  and  Gentratttrs, — At  present,  there  are  nine  sets  vary- 
ing from  50  to  1,500  kilowatts. 

The  engines  of  Nos.  1  and  2  sets  are  of  'JOO  horsepower  and 
drive  two  dirert-current  generators,  which  are  used  for  supplying 
the  direct-nirreni  network  in  Walker  and  Wallsentl.  The 
engines  are  conipound,  of  the  two-trank  type,  and  run  at  -ISt)  re- 
volutions per  minute.  The  generators  are  compound-wound  luid 
provided  with  eriualizing  switches.  The  armatureti  are  slotted 
and  are  drum-wound.     The  magnets  are  of  mild  steel. 

The  Xo.  3  set  is  of  50  kilowatts  capacity  and  generates  current 
ui  240  volts  for  exciting  purposes  only. 
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The  No.  4  set  is  used  both  as  a  balancer  and  as  a  motor  genera- 
tor. The  high-tension  side  consists  of  a  synchronous  motor  which 
drives  two  compound-wound  generators.  The  total  capacity  of 
the  two  direct-current  generators  is  150  kilowatts. 

The  engine  of  No.  6  set,  of  1,400  horsei)ower,  is  of  the  marine 
type,  with  Corliss  valves  and  Whitehead  governor  for  normal 
working  at  100  revolutions  per  minute.  "When  the  speed  exceeds 
115  revolutions  per  minute,  an  Aspinall  emergency-governor 
comes  into  play.  The  cylinders  of  this  engine  are  17A,  28i  and 
48  inches  in  diameter  respectively,  and  3  feet  stroke.  The 
specified  variation  from  normal  speed  when  the  load  is  thrown 
off  is  5  per  cent.,  the  normal  variation  was  specified  not  to  exceed 
2  per  cent.,  and  at  the  official  trials  the  variation  in  speed  was 
within  the  limits  named.  The  generator,  of  750  kilowatts,  is 
wound  so  as  to  give  2,500  volts  (the  original  working  pressure), 
or  6,500  volts,  at  a  periodicity  of  40  cycles  per  second.  The 
armature  is  built  of  soft  grade  sheet-iron,  and  is  ventilated  by 
means  of  spaces,  which  allow  a  free  circulation  of  air  in  contact 
with  the  winding.  The  form-wound  armature-coils  are  laid  in 
slots,  of  which  there  is  one  pole  per  phase.  The  pole-pieces  are 
built  up  of  high  permeability  punching^.  The  field-winding 
consists  of  copper  strips,  the  magnets  being  excited  at  240  volts. 
The  efficiency  is  95  per  cent,  at  full  load,  and  91i  per  cent,  at  half 
load.  All  the  three-phase  machines  are  star-wound,  with  the 
middle  point  earthed. 

For  Nos.  7,  8  and  9  sets,  the  engines  (1,400  horsepower  each) 
have  four  cylinders  each,  19,  31,  34  and  34  inches  in  diameter 
and  3  feet  stroke.  The  four  cranks  are  not  set  exactly  at  right 
angles,  the  engines  being  specially  balanced  on  the  Yarrow- 
Schlich -Tweedy  s^'stem.  These  engines   are  furnished  with 

Stumpf  fly-wheel  type  governors.  The  generators  coupled  to  the 
engines  are  precisely  similar  to  that  driven  by  No.  G  engine. 

The  No.  10  set  consists  of  a  Parsons  turbine,  coupled  direct  to 
a  1,500  kilowatts  generator.  The  turbine  is  one  of  the  largest  yet 
manufactured,  and  the  steam  expands  uniformly  from  200  pounds 
to  vacuum-pressure.  It  is  provided  with  the  Parsons  mechanical 
governor  for  normal  running,  and  also  with  a  centrifugal- 
type  governor  designed  to  shut  off  steam  wlien  the  tur- 
bine attains  a  speed  20  per  cent,  greater  than  its  normal  rate. 
The  condenser  and  the  air-pump  are  situated  immediately  below 
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the  turbine.  The  Parsons  air-pump  is  capable  of  producing  a 
vacuum  of  29  inches.  The  exhaust-pipe  is  30  inches  in 
diameter,  a  size  necessitated  by  the  unusually  low  pressure  of  the 
exhaust-steam.  The  bearings  are  of  white  metal,  with  forced 
lubrication.  In  a  recent  test  of  this  set,  the  amount  of  steam 
used  per  kilowatt  per  hour  was  found  to  be  17'8  pounds :  a  figure 
which  compares  most  favourably  with  engines  of  the  reciprocating 
type.  The  generator,  unlike  all  the  other  high-tension  machines 
in  the  station,  has  a  revolving  armature  with  fixed  fields.  The 
collector-rings  are  insulated  from  the  wooden  sleeve  which  rarrie» 
them,  by  means  of  mica.  It  has  been  found  that  hunting  of  the 
synchronous  motors  at  the  sub-stations  is  less  pronounced  when 
these  are  worked  from  the  turbo-alternator  than  from  the 
reciprocating  sets. 

Switchbnnrds, — On  the  high-tension  switchboards,  all  the  main 
feeder  switches  have  oil-breaks,  and  the  remainder  break  in  air. 
The  board  is  furnished  with  the  usual  synchronizing  gear  in 
duplicate,  also  wattmeters  and  ammeters,  lielow  the  high- 
tension  switches  are  the  field-switches,  provided  with  carbon- 
breaks  ;  also  the  hand-wheels  for  regulating  the  field-resistanres. 
A  subsidiary  switchboard  is  eroctiMl  in  a  building  on  the 
northern  side  of  the  power-house.  The  main  high-tension 
feeders,  which  are  coupled  up  to  this  board,  are  turnishwl  with 
spark-gaps,  connefted  across  the  cores.  Their  object  is  to  all<»w  a 
discharge  to  take  phice,  in  the  event  of  the  normal  voltage  being 
exceeded  from  any  accidental  cause. 

The  low-tension  switchboard  is  provided  with  three  sets  of 
omnibus-bars,  one  set  is  in  connection  with  the  low-tension  net- 
work, one  set  is  used  for  exciting  purposes,  and  the  remaining 
set  is  used  to  supph'  the  station  lighting  and  power.  In  ad- 
dition to  this  main  board,  there  are  two  sets  of  low-tension  panelsi 
situated  beneath  the  gallerj'.  These  are  respectively  for  thci 
etjualizing  and  starting  switches,  and  tor  the  low-teusicm  metei<. 
Behind  the  board,  are  the  lighting  arresters  in  connection  with  the 
overhead  line. 

>^uh'Station.^. — There  are  four  principal  sub-stations  in  theNew. 
castle-uj)on-Tyne  area,  in  addition  to  one  at  "Wallsend  owne.l 
by  the  AValker  and  AVallsend   Union  Gas  Company.        liesides 
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these,  each  of  the  large  manufacturers  has  a  sub-station  contain- 
ing static  transformers  and  high-tension  switchgear. 

In  the  Manors  sub-station,  which  is  a  typical  example  of  these 
buildings,  there  are  installed  two  500  kilowatts  motor-generators, 
one  75  kilowatts  induction-motor  generator,  used  for  starting  the 
large  synchronous  sets  and  one  25  kilowatts  balancer.  The 
swit<*he8,  which  are  situate  in  the  basement  of  the  building, 
break  in  oil,  and  are  so  arranged  that  they  can  be  manipulated 
from  above,  thus  obviating  the  necessity  of  having  high-tension 
connections  on  the  gallery.  The  high-tension  switchboard  is 
furnisheil  with  synchronizing  lamps  and  voltmetei-s,  (connected 
to  transformers  in  the  usual  manner.  In  addition  to  the  volt- 
meters and  ammeters,  there  is  an  indicating  kilowatt-meter  and  a 
direct-reading  power-factor  indicator.  There  are  also  two  in- 
duction-meters for  mpasuring  the  units  supplied  to  the  station. 
All  these  instruments  are  connected  to  transformers  placed  in 
the  basement.  The  low-tension  switchboard  is  arranged  with  the 
positive  and  negative  panels  placed  on  either  side  of  the  central 
neutral  panels.  On  the  back  of  each  set  of  panels,  three  omnibus- 
bars  are  mounted,  any  one  of  which  can,  by  means  of  the  plugs 
and  switches  in  front  of  the  board,  be  connected  to  any  feeder  or 
generator.  Below  the  low-tension  switchboard  on  the  ground 
level  are  the  field-switches  and  the  main-generator  fuse.  The 
sub-stations  are  all  interconnected  by  special  cables,  so  that  any 
portion  of  the  network  can  be  supplied  to  any  sub-station. 

The  station  at  Pandon  Dene,  which  previous  to  the  completion 
of  the  transmission  line  from  Wallsend  was  used  as  a  generating- 
station,  is  now  being  convei-ted  into  a  sub-station  with  motor- 
generators  similar  to  those  in  use  at  the  Manors. 
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APPENDICES. 


I.— NOTES  OF  PAPERS  ON  THE  WORKING  OF  MINES,  METALLURGY, 
ETC.,  FROM  THE  TRANSACTIONS  OF  COLONLAL  AND  FOREIGN 
SOCIETIES  AND  COLONIAL  AND  FOREIGN  PUBLICATIONS. 


THE  FORMATION  OF  COAL. 

Sur  la  TranAformatum  de>*   V^gdtaiix  en  Camhiistihles  Fosfiiles.     By  L.  Lemiere. 
Comptes-rendiis  du.   hnitUme  Congria  g^ologiqiie  iiUematumal,  1900  [1901], 
pages  502-620. 
The   author's  main  purpose  is  to  show  that  there  is  complete   analogfy 
between  the  several  phases  of  the  manufacture  of  alcohol  and  those  of  the 
formation  of  coal,  and,  after  marshalling  in  some  detail  the  evidence  which 
goes  to  support  this  assertion,  he  tabulates  his  conclusions  much  as  follows:  — 
The     principal    factors    in    the    transformation    of    plant-remains    into 
fossil  fuel  are  soluble  ferments,  living  ferments,  and  antiseptic  substances. 
The  soluble  ferments  are  not  perhaps  indispensable  for  the  purpose  of  bring- 
ing about  a  certain  degree  of  carbonization  (they  do  not  play  much  part,  for 
instance,  in  the  formation  of  peat) ;  but  when  they  are  present  they  activate 
the  process  of  maceration,  that  is  the  formation  of  the  "fundamental  pulp." 
The  living  ferments  are  the  active  agents  of  carbonization,  while  the  anti- 
septic  substances   are    necessary   checks    to    gasification,    and    thereby   save 
from  complete  destruction  some  portion  of  the  vegetable  mass. 

Living  ferments  produced  their  maximum  effect  in  the  formation  of 
anthracite,  since  that  mineral  contains  as  much  as  95  per  cent,  of  carbon. 
Soluble  ferment*  give  to  ordinary  coal  its  predominant  characteristics:  the 
formation  of  boghead  and  cannel-coals  and  of  bitumens  generally  is  trace- 
able to  the  abundant  supply  of  "vegetable  jelly."  In  the  case  of  lignites, 
the  predominance  of  the  several  factors  varied — sometimes  the  one,  some- 
times the  other  had  the  upper  hand;  and  occasionally  the  antiseptic  nature 
of  the  environing  medium  plays  a  considerable  part,  as  in  the  case  of 
xyloid  lignites  formed  in  sea-water.  In  peat-mosses,  living  ferments  are 
abundant,  but  their  action  is  rapidly  modified  by  their  own  antiseptic 
products:  apparently,  soluble  ferments  are  absent.  Generally  speaking,  the 
formation  of  coal  proper  may  be  described  as  a  diastasic  and  microbian 
process:  the  action  of  diastase  corresponding  to  maceration,  and  the  action 
properly  so-called  of  the  microbes  corresponding  to  fermentation.  The 
differences  between  natural  fuels  are  assignable  in  part  to  the  variety  of 
vegetable  secretions,  and  mainly  to  the  varying  proportions  of  the  three 
factors  already  enumerated  (soluble  and  living  ferments  and  antiseptic 
substances).  The  amount  of  volatile  matter  present  in  a  coal  has  nothing 
to  do  with  its  depth  below  the  surface  or  with  pressure,  but  depends  on  the 
nature  of  the  plants  and  the  microbes  concerned  in  its  formation.     Similarly 
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the  gases  exuded  from  coal  (fire-damp,  carbon  dioxide,  etc.)  are  dependent 
on  the  same  factors,  but  it  is  true  that  their  retention  within  the  seam  or 
within  its  roof  is  conditioned  by  the  more  or  less  complete  impermeabilitj 
of,  and  the  amount  of  pressure  exerted  by,  the  superincumbent  strata. 

There  is  no  occasion  for  supposing  that  the  plant-remains,  before  being- 
buried  beneath  other  deposits,  underwent  any  other  physical  or  chemical 
action  than  that  which  might  take  place  as  they  were  drifted  along,  for  they 
brought  with  them  all  the  factors  necessary  for  their  metamorphosis.  Coal, 
then,  need  not  have  been  formed  before  it  was  buried — in  fact,  it  attained 
its  definite  chemical  composition  after  the  plant-remains  of  which  it  was 
made  up  were  incorporated  with  other  sediments.  There  is  no  question  of 
considerable  pressure,  or  of  temperatures  rising  much  higher  than  140°  Fahr. 

Finally,  each  variety  of  fuel  reaches  a  stationary  condition  at  a  certain 
point,  at  a  time  when  the  diastasic  action  is  exhausted  and  the  microbes 
have  ceased  to  be.  Save  the  intervention  of  external  forces,  peat  arrived 
at  its  last  stage  will  remain  for  ever  peat;  lignites  will  never  become  coal: 
nor  coal  anthracite.  The  plant-remains  have  passed  from  the  vegetable 
into  the  mineral  kingdom;  time  has  accomplished  its  work,  and  in  presence 
alone  of  inert  matter  embedded  in  a  mass  of  other  sedimentary  deposits, 
it  can  never  again  exert  any  modifying  influence,  however  long  we  may 
suppose  time  to  last. 

At  all  epochs,  the  determining  course  of  the  metamorphosis  of  plants 
into  fossil  fuel,  the  action  of  ferments  on  cellulose,  has  remained  the  same. 
Its  "  modality**  alone  varied  through  the  ages  (by  which  the  author  appears 
also  to  mean  that  the  anthracite-producing  microbe  differed  from  the 
cannel-producing  microbe,  and  so  on).  We  may  observe,  however,  that  the 
author  does  admit  that  certain  anthracites  are  metamorphosed  coals. 

L.  L.  II. 


COAL-FORMING    BACTERIACE^. 
Du   R61p   (If   (jue/ques   Bact^acies  Fotn^iifs  an   Point  dt   Vut   gioiogiqttf.     Bif  B. 
Renault.      CompteM-re7idu/t  du  hvitieme   CoiujriM    ij^ologiqne    iHt^ninfioual, 
1900  [1901],  fMtf/fM  646-663,  with  13./ff/M/f>«  iit  the  ttxt  and  pi  at  €h  rii,  to  ix. 

Most  of  the  recent  forms  of  Bacteriaceff — MirrocorcuA,  Bacillus,  Strrf>tt^ 
coccun,  and  Sfn/tfofhri/x — have  >)een  found  in  the  fossil  state  at  various 
geological  horizous.  in  such  animul  and  vegetable  tissues  as  underwent 
mineralization  before  they  had  been  very  long  exposed  to  the  action  of 
water    and    air. 

The  author  describes  and  figures,  as  samples  of  the  organisms  pre- 
served by  silification,  spherical  masses  of  Min-nrorruA  found  in  the  pith  o* 
ArthropifuA  (an  Upper  Coal-measure  plant),  and  various  spt^cies  of  Barillu* 
occurring  in  PtropffTi^  and  other  ferns  from  the  St.  fctienne  C\>al-measures. 
The  microscopic  evidence  leads  him  to  infer  that  silicifying  waters  mui»t 
have  invaded  the  Coal-measure  swamps  or  peat-mosses,  and  arrested  the 
niicrol)ic  de<t>ni position  of  the  plant-remains,  which  would  otherwise  have 
been    completely   destroyed. 

Premising  that  boghead  coals  are  the  outcome  of  the  accumulation 
of  freshwater  ailtifie  at  the  bottom  of  small  lakes,  during  periods  rangine 
from  the  Culm  to  the  Permian,  the  author  points  out  that  the  species  of  the 
alga*,  and  sometimes  the  genus,  varies  according  to  the  stratigrnphical 
horizon  and  the  geographical  position.     Thus,  by  mere  inspection  of  a  slide 
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under  the  microscope,  he   is  able  to  determine  whether  a  boghead    comes 
from   Autun   or   Kentucky,    from    Moscow    or   Armadale.       The    alg»   were 
largely  decomposed   by  the  bacterial   action    of  Micrococcus  petroltu       The 
transformation   of  cellulose  into  boghead  may   be  chemically  defined   as   w 
practically-complete  deoxidizing  and  partially  dehydrating  process: — 
CxA„0,,=2(C,H3)+  6C0,  +  3CH,    +    2H 
Cellulose.      Boghead.     Carbon      Methane,  Hydrogen, 
dioxide. 
Cannel-coals,   on   the  other  hand,   are  not  simply  (or  mostly)   made  up   of 
the  remains  of  algse,  but  more  largely  of  the  sporangia,  etc.,  of  club-mosses 
and    ferns.     Under    the    microscope    they    are    seen    to    be    permeated    with 
myriads  of  Micrococci.    The  alg»  vary  from  place  to  place,   as  in  the  case 
of  the  boghead   coals. 

Descriptions  and  figures  are  also  given  of  the  Bacteriacese  which  played 
so  large  a  part  in  the  formation  of  ordinary  coal.  It  is  reckoned  that  four- 
fifths  of  the  original  volume  of  cellulose  was  thus  got  rid  of  in  the  form 
of  g^ses,  while  the  remaining  fifth  represents  the  amount  of  coal  formed. 
The  process  is  expressed  by  the  chemical  equation: — 

*  (Ci,H,„0^„)=2 (C,H,0)+ 14  (CH^)  + 16 CO^  +  6  H^O 
Cellulose.  Coal.  Methane.   Carbon    Water. 

dioxide. 
The  author  states  that  the  foregoing  formula  for  typical  coal  applies  to  a 
pure  coal,  whereas,  of  course,  in  many  cases  the  gases  of  fermentation  are 
in  part  still  occluded  by  capillary  attraction,  etc.,  within  the  coal.  He 
figures  a  microscope-section  showing  gas-cavities  with  contiguous  masses 
of  Micrococcus  and  Bacillus  in  coal,  as  illustrating  this  point. 

He  emphasizes  in  his  conclusions  the  importance  of  the  part  played  by 
Bact^riaceae  in  the  formation  of  coal,  lignite,  and  peat,  and  draws  once 
more  attention  to  the  fact  that  the  nature  of  the  vegetable  matter  operated 
on  by  the  microbes  has  much  to  do  with  the  quality  of  the  fossil  fuel 
produced. 

The  interest  of  the  paper  is  much  enhanced  by  the  admirable  illustra- 
tions which  accompany  it.  L.  L.  6. 


HUMIC  AND  OTHER  COALS. 
Gharhons  gHoniqties  et   CharboHft  humiques.       By  C.    E.   Bertband.       Comptes- 
rendiis  du  hmtOme   Congris    g^ologique    intematiaticU,    1900  [1901],  pages 
458-497. 

The  author  is  engaged  on  a  series  of  detailed  studies  on  fossil  fuel 
of  all  kinds,  but  in  this  elaborate  memoir  he  deals  only  with  those  types 
the  history  of  which  he  believes  to  have  worked  out  completely. 

Under  the  heading  of  gelosic  coals  (coals  of  the  "  jelly  "  type)  he  classifies 
the  kerosene-shales  of  New  South  Wales,  the  boghead  coal  of  Autun,  and 
the  Torbane  Hill  mineral.  '  The  former  two  have  been  the  subject  of  very 
complete  monographs,  but  the  last-named,  he  says,  still  awaits  its  mono- 
grapher. 

These  three  types  result  from  the  accumulation  of  algse  in  a  humic 
btt)wn  "jelly."  He  postulates  further  that  the  algae  were  accumulated 
Tery  rapidly,  and  that  the  fossilization  of  the  jelly-like  mass  took  place 
in  the  presence  of  bitumen.  He  gives  a  lengfthy  description  of  the  struc- 
ture and  mode  of  formation  of  the  Autun  boghead  and  the  kerosene-shale. 
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and  then  proceeds  to  deal  with  what  he  terms  hunUc  omU,  Aa  types  of 
these  he  selects  the  Brozbnm  oil-shale,  the  Tertiary  shale  of  Bois  d'Asson 
{Basses  Alpes),  and  the  Cretaceous  shale  of  Ceara  in  Brazil.  He  applies  to 
bituminous  shales  the  appellation  of  "  humic  coal "  so  long  as  the  organic 
matter  so  predominates  over  the  mineral  matter  as  to  give  the  *'  coal  " 
its  characteristic  properties.  He  postulates  that  this  kind  of  coal  is 
formed  from  accumulations  of  brown  "jelly,"  with  which  was  associated  a 
small  quantity  of  spores,  pollen,  thalli  of  alg»,  etc.  (to  the  extent  of 
about  4  parts  in  10,000),  and  that  the  fossilization' of  this  also  took  place 
in  the  presence  of  bitumen.  In  all  cases,  he  considers  that  bitumen  accounts 
for  the  occurrence  of  lamellae  of  bright  coal  among  bogheads  and  shales. 
Humio  coals  are  the  type  of  truly  amorphous  coal:  they  have  a  shale-like 
aspect,  because  their  "  fundamental  jelly,*'  readily  combining  with  argilla- 
ceous matter,  happened  to  be  in  contact  with  a  sufficient  quantity  of  such 
matter.  Although  he  fully  recognizes  the  importance  of  bacterial  action 
in  the  case  of  gelonic  coals,  there  does  not  seem  to  be  any  trace  of  the 
presence  of  Bacteriacese  in  the  case  of  humic  cocUs,  FinaUy,  he  classes  as 
charbon  de  purin,  or  excretory  coal  the  bituminous  shale  of  the  Allier. 
which  consists  of  a  "coagulated  brown  jelly  fossilized  in  the  presence  of 
bitumen."  But  in  this  case  the  brown  "  mother-liquor "  was  highly  charged 
with  excretory  or  stercorary  substances.  Reptilian  coprolites  occur 
abundantly  in  this  shale,  and  associated  with  them  are  nodules  of  animal 
charcoal.  Microscopic  examination  discloses  the  presence  in  this  "excretory 
coal "  of  masses  of  bacteriform  bodies,  as  also  vegetable  spores  and   pollen. 

L.  L.  B. 


BOGHEAD    COALS    FORMED    FROM    ALGiE. 

JSur  que/fjtteM  Algues  Fofmles  des  TerraiuA  anciena.  By  B.  Renault.  Comf>t€i*' 
rendiiA  hehdoTnadaireA  deA  Stances  de  VAcad^mie  des  Sciencejt,  1P03,  vol. 
cx.cjrn.y  jMUjej*  1340-134.?,  ^rith  ^figures  in  the  text. 

All  the  boghead  coals  that  the  author  has  examined  are  made  up  of 
the  bedded  accumulations  of  algie,  the  Rtructuro  of  which  is  well  preserved. 

The  Autun  boghead  is  made  up  of  a  globulous  alga,  Pila,  a  genus  of 
which  many  species  have  been  described  by  the  author,  characteristic  of 
the  Northern  Hemisphere.  The  genus  lieinsrhia,  on  the  other  hand,  it 
characteristic  of  the  Southern  Hemisphere,  and  it  is  of  species  belonging 
to  this  genus  that  the  Australian  and  Transvaal  bogheads  are   made   up. 

The  Armadale  boghead  is  chiefly  built  up  from  the  agglomeration  of 
the  thalli  of  an  alga,  which  the  author  calls  Thylax  Britanniru*,  very  diminu- 
tive in  compariRon  with  the  genera  mentioned   in  the  preceding  paragraph. 

The  bogheads  of  the  Moscow  basin  are  built  up  of  a  highly  ramified 
alga,  to  which  tlio  author  applies  the  generic  designation  of  ClofitAsrHhaUu*. 
The  same  genua  is  found  in  the  North  American  bogheads. 

The  author  maintains  that  each  important  deposit  of  boghead  coal  it 
recognizable  or  diHtinguishable  by  means  of  the  particular  genut*  «>f  alga 
from  which  it  is  derived,  and  that  the  invariable  presence  of  Bacteriaces 
on  the  walls  of  the  cells  of  the  algSB  leads  inevitably  to  the  inference  that 
these  bact<»ria  (Micmrorru*  'petrolei)  setting  up  a  special  fermentation, 
played  an  important  part  in  the  transformation  of  the  cellulose  of  the 
algae  into   fossil   mineral   fuel.  L.  L.  B. 


TItANSACTIONS   AKD   PERIODICALS.  D> 

FISSURE-VEINS. 

MttdutomaUic  Processes  in  Fissure-veins,      By  Waldemab  Lindoben.     TVansaetion 
of  the  American  Institute  of  Mining  EngineerSf  1900,  vol,  xxx,,  pages  578-692. 

The  following  is  an  abstract  of  the  conclusions  presented  in  this  paper:  — 
Almost  all  fissure-veins  are  bordered  bj  altered  zones  of  varying  extent 
and  intensity  of  alteration.  In  replacement-veins,  this  altered  rock  con- 
tains the  valuable  ore. 

Metasomatic  processes  vary  in  different  classes  of  veins,  quartz  may  be 
convert<ed  into  calcite  in  one  class,  while  calcite  may  be  converted  into 
quartz  in  another;  the  action  is  usually  intense,  and  the  chemical  composi- 
tion much  changed.  The  hydration  connected  with  the  alteration  is  only 
very  moderate.  Potash-mica  in  some  form  is  the  most  prominent 
mineral  formed  by  the  metasomatic  processes:  the  most  prominent  process- 
being  the  progressive  elimination  of  soda  and  concentration  of  potash. 
Metasomatic  processes  in  fissure-veins  differ  distinctly  in  most  cases  from 
those  involved  in  static,  dynamic  and  contact  metamorphism ;  the  two 
classes  of  change  have  not  generally  taken  place  under  the  same  conditions 
and  agencies;  there  are,  however,  some  exceptions.  Ordinarily,  the  altera- 
tion  consists  in  the  total  or  partial  loss  of  some  constituents;  the  gain  of 
others;  and  the  introduction  of  new  compounds  and  elements,  usually  carbon 
dioxide  and  sulphur.  The  result  may  be  a  gain,  or  loss,  per  unit  of  weight 
or  volume. 

The  processes  observed  can,  generally,  only  be  explained  by  aqueous 
agencies.  The  intensity  shows  that  the  aqueous  solutions  acted  under 
moderately  high  temperature,  pressure  and  concentration;  no  cold  pure 
surface-water  could  have  produced  such  results  as  are  ordinarily  found. 

Since  the  substances  introduced  are  only  known  to  be  contained  in 
noteworthy  quantities  in  thermal  waters  ascending  through  fissures,  it  is  con- 
cluded that  these  waters  were  the  active  agencies  in  the  process  of  altera- 
tion. Many  of  the  substances  found  filling  the  open  spaces  along  the  fissure 
may  be  lacking  in  the  altered  rock,  showing  that  the  latter  is  not  as 
easily  penetrated  by  all  the  constitutents  of  the  solution. 

The  ascending  waters  are  chiefly  surface-waters,  which,  after  a  circuitous 
route  underground,  have  found,  in  a  fissure,  an  easy  path  by  which  to 
return.  During  their  downward  passage,  they  dissolve  material  from  the 
rocks  which  they  penetrate,  their  power  to  dissolve  being  increased  by  the 
heat  and  pressure  due  to  the  depth.  During  the  ascending  period,  much 
of  this  material  is  deposited.  The  metasomatic  action  on  the  wall-rock 
causes  further  exchanges  of  constituents,  some  being  dissolved  and  others 
deposited. 

Probably  most  fissure- veins  are  genetically  connected  with  intrusive 
rocks,  even  when  the  deposits  are  contained  in  the  overlying  surface-lavas. 
Intrusive  rocks  may  contain  carbon  dioxide,  water,  sulphur,  etc.,  at  the 
time  of  their  intrusion.  Under  decreasing  pressure,  these  substances  tend 
to  leave  the  cooling  magma;  and  as  many  of  them  form,  with  the  heavy 
metals  also  contained  in  the  magma,  volatile  compounds  with  a  low  critical 
temperature,  these  heavy  metals  may  be  carried  away  from  the  magma 
along  with  the  mineralizing  agents  mentioned  above.  The  result  of  these 
emanations  is  seen  in  contact-metamorphism  and  in  the  mineral  deposits 
so  often  appearing  near  the  boundaries  of  intrusive  bodies.  Where  fissure» 
traverse  the  cooling  magmas,  and  the  rocks  surrounding  them,  it  is  natural 
that  these  mineralizing  agents  carrying  their  load  of  heavy  metals  should 
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ascend  above  the  critical  temperature,  and  on  reaching-  the  zone  of  cir- 
culating atmospheric  waters  it  is  natural  that  they  should  mix  with  them. 
To  this  combination  of  agencies,  found  in  the  ascending  waters  of  such 
regions  of  igneous  intrusion,  the  formation  of  most  metalliferous  veins  is 
probably  due.  Some  classes  of  veins  may  be  due  to  circulating  surface- 
waters  alone;  but  it  is  incredible  that  the  dissolving  power  of  the  latter 
is  sufficient  to  account  for  all  classes,  or  even  for  the  majority,  of  fissure-veins. 

A.  W.  G. 


ORE-DEPOSITS. 

Origin  aiid  Clatmfication  of  Ore-depoftits.      By  Charles  R.  Ketes.      Trawnctimis 
of  the  American  Institute  of  Mining  Emjineers,  1900,  iH)l,  xxx.,  pages  323-356. 
The  accompanying  scheme   tabulates   the   groups   and   categories  of   ore- 
deposition  with  the  general  forms  of  ore-bodies  recognized  by  miners:  — 


Oroups. 


Oategoriog. 


Minera'  Fo 


I.  Hypotaxic: 
mainly  surface 
deposits. 


Aqueous  transportation. 
Residual  cumulation. 
Precipitative  action. 


II.  fi  u  t  a  X  i  c  : 
chiefly  stratified 
formations. 


Original  sedimentation. 
Selective  dissemination. 
Emponded  amassment. 

Fold-filling. 
Crevice  accretion. 

roncretionary  accumulation 
Metaiiiorphic  replacement. 


{  III.  Atax 
doininantl}' 

I       Btratiiie<l       and 
irregular  bodies. 


ic  :  pre-  I  Magmatic  secretion. 

itly  un-      Mtaanioq)hic  segregation. 


Funierole-impregnation. 
Preferential  collection. 

\  Fissure-occupation. 


Placers. 

Pockets  (in  part). 
Bog-bodies,  some  beds,  layers. 


Beds,  strata,  layers. 
Impregnations  (in  part). 
Masses  (in  part),  some  segre- 

sations. 
Sa!adle.reef8. 

Gash-veins,    ^tockworkH     (in 
part). 
I  Nodules. 
I  Fahlbands  (in  part),  l>eds. 


'  MasKes  (in  part),  some  lenses. 
I  Stocks,  lenses. 
j  Contact- veins. 

I  Chanil>ers     (in     i>art),    some 
IK)ckets,  linkeil- veins. 
Attrition- veins,    true    veins, 
some  linked- vems. 


A.  \v.<;. 


THE    PART    PLAYED    HY    TITANIUM    IN    MINEKAI^DKPOSITS. 

Lt  litVt  (in  Tit'iN*  'u  (,'f(>/oifi*.  Ilif  L.  i)K  Lain  AY.  Annul*  m  </♦  ^  J/*/j».s  1903, 
St  ritt  10,  rol.  ///.,  ;><if/'..'<  HH-IO.'),  tn'fh  'i  /»>/«;•». v  in  th*  f'U'f, 
Pointing  out.  first  of  all.  two  rssential  facts  whiih  cliaracterize  the  choniii^al 
pn>pi'rtii'H  ot  titanium,  namely,  its  analojjy  on  the  one  hand,  with  iron; 
and.  on  the  other,  with  the  fjrou])  of  hilieon,  tin.  zircon  and  carbon,  the 
author  proeecdrt  to  mnsider  the  most  important  occurrences  of  the  metal. 
Hundreds  of  deposits  of  titaniferous  iron-ore  are  known  in  S<'audinavia. 
Finland,  Canada  and  the  Inited  States,  and  Brazil.  The«e  all  «K'cur  a« 
massi>s    in    the    midst    of    basic   igneous    rocks,    mostly    gabbros:     thrt^e    only 
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being  in  nepheline-sjenites,  those  of  Alno,  Sao  Paulo,  and  Magnet  Cove 
{Arkansas).  As  a  general  rule,  where  ferruginous  segregations  do  occur 
in  acidic  rocks,  titanium  is  all  but  absent.  On  the  other  hand,  it  will 
be  observed  that  chrome-iron-ore  and  platinum  are  the  characteristic 
metalliferous  occurrences  in  peridotites.  In  these  the  olivine  is  generally 
of  later  crystallization  than  the  chrome-iron-ore,  whereas  the  titaniferous 
ore,  in  the  rocks  where  it  occurs,  encases  the  other  constituents,  showing 
that  it  was  of  later  consolidation  than  they. 

Viewing  eruptive  rocks  as  a  whole,  they  generally  contain  about  0*32  per 
cent  of  titanium  compared  with  4*5  per  cent,  of  iron;  but  in  gabbros, 
the  titanium  has  consolidated  faster  than  the  iron,  and  the  comparative 
proportion  increases  to  1  in  10  or  12;  in  titaniferous  iron-ores  the  pro- 
portion is  1  to  5  or  7*5. 

Postulating  that  one  of  the  essential  phenomena  of  vulcanicity,  how- 
ever deep-seated,  is  the  introduction  of  surface-waters  by  means  of  the  dis- 
locations brought  about  by  folding  of  the  earth's  crust,  the  author  con- 
siders that  this  water  acting  on  the  carbon,  which  is  most  probably  one  of 
the  fundamental  elements  of  the  deep-lying  magma,  has  g^ven  rise  to 
hydrogen  carbides,  and  these  in  turn  to  carbonic  acid,  which,  either  free 
or  associated  with  alkalies,  has  been  the  essential  agent  in  the  formation 
of  many  of  the  minerals  characteristic  of  metalliferous  veins. 

Some  little  space  is  devoted  to  the  consideration  of  titanium-minerals  in 
acid  rocks,  but  it  does  not  appear  that  these  are  of  great  economic  im- 
portance. L.  L.  B. 


EXPERIMENTS  ON  THE  PERMEABILITY  OF  CLAY. 

Quelquea  Experiences  sur  la  PemUahUiU  de  VArgilt,  By  W.  Spring.  Annales 
de  la  Soci6U  g4ologique  de  Belgique,  1901,  vol,  xxviii.y  M^moires,  pages 
117127. 

The  author  set  himself  out  to  determine  experimentally  under  what 
conditions  water  will  pass  through  a  stratum  of  clay,  and  whether  this 
passage  is  possible  in  nature.  He  took  plastic  grey  clay  from  Andenne, 
which  contains  very  little  sandy  matter:  in  the  completely  dry  state  this 
clay  has  a  specific  gravity  of  2*62,  but  when  it  has  been  kneaded  up  with 
17  per  cent,  of  water,  its  specific  gravity  is  only  2*05 — that  is,  the  volume  of  clay 
is  simply  increased  by  the  volume  of  water  added  to  it.  The  question  then 
arises  whether  the  swelling  of  the  clay  is  not  a  necessary  condition,  as  well 
as  a  consequence,  of  the  penetration  of  water;  in  other  words,  whether  » 
clay  mechanically  prevented  from  expanding  would  be  permeable  to  water. 
The  author  then  proved  by  experiment  that  a  mass  of  clay,  which  was  allowed 
to  expand  freely,  absorbed  about  seven  times  as  much  water  as  a  similar 
mass  of  clay,  which  was  prevented  from  expanding :  in  other  words,  15*65  per 
cent,  as  compared  with  2*67  per  cent. 

On  the  other  hand,  he  ascertained  that  a  mass  of  clay  kneaded  up  with 
33  per  cent,  of  water  could,  if  suflScicntly  compressed,  be  made  to  yield 
up  a  large  quantity  of  the  contained  water,  even  if  kept  under  water.  He 
made  use  of  a  piston  which  exercised  a  pressure  of  about  42  pounds  per 
square  inch  (3  kilogrammes  per  square  centimetre)  during  three  days,  and 
at  the  end  of  that  time  it  was  found  that  the  clay  had  given  up  30  per 
cent,  of  the  contained  water.  Then  the  experiments  were  varied,  by  making 
the  clay  more  and  more  watery,  till  about  70  per  cent,  of  its  total  volume 
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was  water;  but,  however  the  proportion  was  varied,  the  quantity  finally 
retained  by  the  clay  after  compression  was  practically  the  same  in  all 
cases,  that  is  27  per  cent,  roughly.  On  increasing  the  pressure,  however, 
to  as  much  as  three  times  that  above-mentioned,  about  4  per  cent,  more 
water  was  eliminated. 

The  author  made  further  "imbibition-experiments"  with  gelatine,  starch, 
and  loam  from  the  plateau  of  Hesbaye,  and  found  that  all  these  substances 
resembled  clay  in  their  comparative  refractoriness  to  water-percolation  or 
absorption,  if  prevented  from  expanding  freely.  The  proportional  per- 
centages are,  however,  very  different. 

One  concluHion  which  will  appear  fairly  obvious  is,  that  the  deeper  a  clay- 
bed  lies  below  the  surface,  the  greater  is  its  state  of  compression  from  the 
superincumbent  weight  and  the  more  restricted  will  be  the  possible  range  of 
percolation   of  water.  L.  L.  B. 


SALINE  WATERS  IN  THE  FRANCO-BELGIAN  COAL-MEASURES. 

Sur  /ex  Eaux  Salines  dts  Nappes  Aquif&rtH  du  Nord  de  ia  France,  By  Jules 
GosSELET.  Comptes-rendus  du  huitiimt  Congria  g^ologique  intematumai, 
1900  [1901],  jjoges  383-385. 
Many  of  the  deep  borings  in  the  north  of  France  yield  waters  contain- 
ing sodium  chloride  (salt)  or  sodium  carbonate,  and  yet  these  bonngi 
traverse  only  strata,  such  as  chalk,  limestone  and  sandstones,  that  con- 
tain no  sodium-compounds.  The  presence  of  sodium  appears  to  be  connected, 
on  the  whole,  though  not  universally,  with  the  depth  of  the  boring.  The 
question  is  as  to  where  it  comes  from:  no  salifcrous  Triassic  deposits  hare 
been  struck  in  this  region,  and  the  hypothesis  of  infiltration  from  rain- 
water is  also  excluded.  Two  suppositions  appear  to  the  author  admissible: 
(1)  that  wo  arc  dealing  here  with  the  remnants  of  the  waters  of  ancient 
seas;  and  (2)  that  water  from  the  present  ocean-bed  is  forced  by  pressure 
into  the  pcrnieahlc  strata  underlying  it,  and  then  gradually  percolate* 
downward. 

However  that  may  he,  we  cannot  lose  sight  of  the  fact  that  the  waters 
pumped  from  the  Coal-measures  of  northern  France  and  Belgium  contain 
sodium  in  three  combinations: — chloride,  carbonate  and  sulphate.  The 
fhloride  is  characteristic  of  the  water  which  properly  belongs  to  the  Coal- 
measures,  and  has  not  been  exposed  to  mixture  with  water  from  other 
sources.  The  carbonate  indicates  a  mixture  of  the  true  Coal-measure 
waters  with  those  which  have  percolated  down  from  the  surface  through 
the  Chalk.  The  presence  of  sulphate  is  traced  to  the  band  of  pyritoui 
shales,  which  occurs  at  the  >>aso  of  the  Westphalian  series,  and  is  worked 
around  Liej^e  for  the  manufacture  of  alum.  Consequently,  sulphated  waten 
indicate  tliat  one  is  getting  near  the  base  of  the  workable  Coal-measune«. 
near  limestones  which  are  considerably  jointed  and  hold  a  large  volume 
of  water.  Theri»fore.  mining-engineers  in  the  Franco-Belgian  coal-field 
regard  waters  containing  sulphates  as* carrying  with  them  a  sort  of  warning, 
and  eon-titutinij.  it   may  be  said,  a  danger-signal.  L.  L.  B. 


TRANSACTIONS   AND   PERIODICALS.  ^ 

THE   EARTHQUAKE   IN   NORTHERN   BAKONY,   HUNGARY,    1901. 

t'btr  das  Erdbeben  im  ndrdlichen  Balcony  vom  16.  Fehruar,  1901.  By  Db.  Ftlahz 
SoHArABZiK.  Foldtani  Kdzidnyt  1901,  vol,  zxxi,^  pages  1S4-186,  with  a  map 
in  the  text. 
This  earthquake  took  place  about  5  p.m.  on  February  16th,  1901,  in 
Northern  Bakony,  the  name  given  to  an  area  which  stretches  over 
part  of  the  two  contiguous  counties  of  Veszprem  and  Gyor.  The 
inhabitants  were  terror-stricken,  and  yet  no  serious  damage  was  suffered. 
The  report  from  Gicz,  a  village  in  the  epicentral  area,  states  that  shortly 
after  5' 17  p.m.  on  the  day  mentioned,  a  violent  shock,  travelling  from 
north  to  south,  was  felt,  and  lasted  about  5  seconds.  It  was  accompanied 
by  loud  rumbling,  the  houses  seemed  to  oscillate,  and  ominous  cracks  were 
heard.  The  villagers  rushed  out  into  the  road^  in  the  belief  that  the 
roofs  were  falling  in.  Chandeliers  were  set  swinging,  and  so  forth;  yet 
no  clock  was  stopped,  and  no  fissures  were  observed  in  the  house-walls. 
Similar  accounts  came  in  from  the  farmsteads  of  Romany,  Tam&si  and 
Yarsdny.  No  premonitory  symptoms  were  shown  by  birds,  domestic  animals, 
etc.,  and  there  was  nothing  abnormal  about  the  weather.  One  observer,, 
however,  states  that  at  3*15  p.m.  a  sort  of  explosive  crash  was  heard,  no 
cause  for  which  can  be  traced.  The  violence  of  the  shock  at  Gicz  corres- 
ponded to  6  in  the  De  Rossi-Forel  scale.  Beyond  the  epicentral  area,  the 
earthquake  appears  to  have  travelled  with  gfreatest  facility  along  a  line 
running  from  north-north-west  to  south-south-east,  through  Zircz,  etc. 
Transverse  faults  are  known  to  occur  in  great  number  in  the  Bakony 
basement-rocks  (along  the  northern  margin  of  which  the  epicentrum  lay); 
and  it  is  probably  along  one  such  fault-fissure,  which  happens  to  be  inter- 
calated among  those  previously  known,  that  the  earthquake  found  the  line 
of  least  resistance  to  its  propagation.  The  origin  of  the  shock  is,  how- 
ever, believed  to  be  a  tangential  rupture  defining  the  north-western  margin 
of  the  Bakony  massif.  L.  L.  B. 


EARTHQUAKE  IN  SOUTHERN  HUNGARY,  1901. 

Das  Erdbebeii  in  Siidungam  vom  2.  Aprii,  1901.  By  Franz  Lajos.  FiUdtani 
Kdzlonyt  1902,  tW.  xxxii. ,  pa^es  322-325,  and  1  piate. 

About  6  p.m.  on  April  2nd,  1901,  an  earthquake  took  place,  the  effects 
of  which  were  felt  over  about  ten  counties  in  Southern  Hungary  and  over 
a  large  portion  of  Servia  as  well,  that  is,  over  an  area  of  some  28,000  square 
miles.  It  had  been  preceded  by  various  premonitory  shocks,  between  March 
26th  and  31st,  and  was  followed  by  after-shocks  up  to  April  8th.  Records 
were  obtained  from  observers  in  171  different  localities. 

The  earthquake  was  among  the  most  considerable  that  had  taken  place 
in  Hungary  since  the  eleventh  century.  The  area  mapped  out  by  the 
isoseismal  curves  has  an  ovoid  form,  the  longer  diameter  striking  north-north- 
west and  south-south-east  and  measuring  about  20r)  miles;  while  the  shorter 
diameter  runs  from  east-north-east  to  west-south-west,  and  measures  some  185 
miles.  This  last  is  coincident  in  direction  with  the  major  axis  of  the  epi- 
central area.  The  epicentral  area  (952  square  miles)  is  of  very  irregular 
form.  Within  it  about  40  buildings  were  reduced  to  ruins,  and  300  chimneys 
crashed  down.  The  violence  of  the  shock  lay  between  6  and  7  degrees  on 
the  Forel  scale,  and  its  effects  were  most  destructive  along  the  banks  of  the 
Bega  and  Temes  rivers.       Indeed  the  original  focus  of  the  earthquake  is 
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believed   to   have   lain   somewhere    below   the    B^ga   vallej,    and    here    two 
persons  loet  their  lives. 

Outside  the  epicentral  area,  lies  one  of  ellipsoidal  form,  covering  some 
2,470  square  miles,  within  which  some  slight  damage  was  done,  the  violence 
of  the  shocks  ranging  between  5  and  6  degrees  of  the  Forel  scale.  Outside 
that  again,  areas  of  diminishing  seismic  intensity  are  plotted  out,  and  it 
is  noticeable  that  this  intensity  decreased  far  more  slowly  southward  than 
in  any  other  direction. 

The  main  shock  lasted,  according  to  the  locality  where  it  was  felt,  from 
1  to  10  seconds,  and  was  accompanied  by  a  subterranean  rumbling,  variously 
likened  to  distant  thunder,  the  rush  of  a  railway-train,  the  clattering  of 
a  heavy-laden  dray,  etc.  The  velocity  of  propagation  is  reckoned  to  have 
been  about  1,000  feet  per  second. 

The  area  affected  is  largely  covered  with  deposits  of  loose  texture  (drifts 
and  alluvia),  below  these  come  the  Levantine  and  Pontic  formations,  and 
below  these  again  the  highly-fractured  massifs  of  older  rock.  A  fault-fissure 
is  known  to  coincide  with  the  strike  of  the  Bcga  valley,  and  it  is  presumed 
that  the  earthquake  was  due  to  the  sagging  of  rock-masses  along  this  line. 

L.  L.  B. 

SEISMIC  DISTURBANCES  IN  BELGIUM  IN  MAY,  1902. 

Sur  lea  MauvtmtntH  simniques  et  Its  PeriurbcUioiis  mmjiUtiquen  du  CommeticemtHt  cU 
Mai,  a  fa  Station  d*  Ucde  (Btlgique),  By  Euo.  I^lgranoe.  CompftH-rtndMs 
hebdomadaireM  des  Stances  de  rAcad&mie  dts  Scitiices,  1902,  fo/.  cxxxiv,,  pagt^ 
1325-1327. 

The  author  points  out  that,  on  the  whole,  seismic  activity  has  become 
more  marked  on  the  surface  of  the  globe  since  the  beginning  of  1902.  He 
then  shows  that  the  Yon  Rebeur-Ehlert  triple  horizontal  pendulum,  set  up 
at  the  Uccle  geophysical  observatory  in  Belgium,  registered  several  con- 
siderable earth-tremors  in  the  first  fortnight  of  May  (a-  fortnight  which  will 
bo  rendered  ever  memorable  by  the  St.  Pierre  and  St.  Vincent  catastrophes^). 
Thus,  on  May  6tli,  shortly  after  315  a.m.,  a  diphasic  disturbance  began,  tho 
entire  duration  of  which  may  be  reckoned  at  40  minutes.  It  seems  to  have 
originated  in  the  deptlia  of  the  western  Mediterranean,  off  the  coast  of  Spain, 
and  to  have  travelled  at  the  rate  of  almost  exactly  1  mile  jjcr  second.  Treniow 
of  lesd  consi'(iuence  had  been  numerous  between  May  1st  and  6th,  while  fmni 
t\\'i  6th  to  the  Hth.  there  was  an  interval  of  absolute  quietude.  On  the 
8th,  however,  at  247  a.m.,  a  seismic  disturbance  far  more  considerable  than 
any  ot  tlic  preceding  made  itself  felt;  the  two  jxTiods  of  short  and  lonjf 
undulations  respectively  being  well  marked,  and  the  former  phase  lastinjf 
for  33  minutes.  The  general  eftcct  was  that  of  an  earthquake,  the  focus  ot 
wliich  lay  at  a  ^reat  distance.  It  was  possibly  connected  with  the  Martiuititie 
eruptions,  hut  certainly  not  with  the  jrreat  outburst  ot  Mont  Pele  which 
overwhelmed  St.  Pierre  at  a  time  equivalent  to  a  few  minutes  after  noon 
in  North-western  Europe. 

Tlie  autlior  has  made  comparative  studies  ot"  magnetic  perturbations  and 
seismic  movements,  and  so  tar  the  results  obtained  apjK'ar  to  confirm  tho 
eoiiclusiuiis  ot  the  Krakatoa  Commission,  tliat  there  is  no  effivtivo  adsoeiu- 
tion  between  the  two  orders  ot  j)henomena.  L.  L.  B. 
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EARTHQUAKES  IN  BAVARIA. 
BeUrdgtzur  Erdbehenkunde  von  Bayern,    By  t)B.  Joseph  Reiiidl.    Sitzungsbtrichtt 
der  MathematMch-phyaikaJiischeii  Klaast  der  k&iiiglichen  Bayerischen  Akademie 
der  Wi98tnschcffUn  zu  Afiinchen,  1903,  pages  171-204,  toUhZ  figures  and  a  map 
in  the  text. 
The  author  first  of   all   describes   the  earthquake   which  took   place   at 
about  1-20  p.m.  on  November  26th,  1902,  in  the  frontier-districts  of  Bavaria 
and  Bohemia.    The  shock  was  recorded  by  the  Wiechert  seismometer  in  the 
Leipzig  observatory,  and  lasted  altogether  1  minute  and  52  seconds:    the 
total  area  over  which  it  was  felt  measured  about  1,545  square  miles.     In  the 
area  where  it  reached  its  greatest  intensity,  this  is  estimated  to  have  corre- 
sponded to  5  in  the  De  Rossi  scale  or  6  in  the  Forel  scale.     Houses  quaked, 
church-bells  were  set   ringing,   mortar  fell  from   the  walls,   objects  placed 
on  tables,  benches  and  stoves  tumbled  down,  and  some  walls  were  cracked. 
Prof.  Credner  believes  that  the  seismic  phenomena  extended  in  reality  over 
a  grater  area  than  that  above  mentioned.      The  direction  of  the  shock  was 
apparently   from   south-west   to  north-east,   and   the  cause   is   attributed   to 
tectonic  movements  in  the  highly-faulted  complex  of  rocks  of  which  that 
portion  of  the  earth's  crust  consists. 

The  author  then  gives  a  catalogue  of  earthquakes  in  Bavaria,  from  1008  a.d. 
up  to  1903,  supplementing  the  catalogue  drawn  up  by  the  late  Prof.  Von 
Gilmbel.  Thereupon  follows  a  description  of  the  earthquake  which  occurred 
on  January  25th,  26th  and  27th,  1903,  in  the  Bavarian  Palatinate.  The 
epicentrum  lay  somewhere  below  the  village  of  KandeJ.  On  the  first  day 
(Sunday,  25th)  three  violent  shocks  were  felt  at  9'45  a.m.,  1  p.m.  and  3*15  p.m. 
respectively;  four  on  the  second  day,  at  12*30  a.m.,  7  a.m.,  7-5  a.m.  and 
4  p.m.  respectively;  and  three  on  the  morning  of  the  third  day:  they  were 
accompanied  by  a  rumbling  as  of  thunder.  No  damage  of  any  importance 
was  occasioned  by  these  shocks,  but  they  caused  much  disquiet  among  the 
villagers  and  the  stalled  cattle.  The  direction  of  travel  of  the  earthquake 
was  from  south-west  to  north-east,  and  its  determining  cause  is  no  doubt  to 
be  sought  in  sagging  movements  connected  with  the  great  Rhenish  Rift 
and  the  associated  fault-fissures. 

On  March  22nd,  1903,  the  luckless  village  of  Kandel  was  again  the  epi- 
central  locality  of  one  of  the  most  considerable  earthquakes  that  has  ever 
occurred  in  the  Palatinate.  A  premonitory  shock  was  felt  at  7*45  p.m.  on 
March  2l8t ;  this  was  followed  the  next  morning  and  afternoon  by  five  violent 
shocks:  chimneys  crashed  down,  walls  and  ceilings  were  fissured,  and  a  shower 
of  plaster  fell  from  them.  The  undulatory  motion  of  floors  and  walls  was 
very  perceptible  to  the  eye.  After-shocks  were  observed  on  March  26th  and 
27th.  The  duration  of  the  principal  shock  can  hardly  have  exceeded  4  seconds. 
Sig^  of  gfreat  fear  were  shown  by  all  domestic  animals.  It  is  noteworthy 
that  earth-tremors  were  recorded  at  the  same  time  in  Italy,  the  South  of 
France,  and  the  South  of  England,  and  that  the  Soufriere  of  St.  Vincent 
was  again  erupting. 

An  extensive  tract  of  North-eastern  Bavaria  was  involved  in  the  earth- 
quakes which  took  place  in  the  mountains  of  the  Erzgebirge,  Fichtelgebirge 
and  the  neighbouring  Bohemian  Forest  on  March  5th  and  6th,  1903.  Pre- 
liminary tremors  had  been  observed  on  and  about  February  20th.  The 
epicentral  locality  was  Asch,  a  Bohemian  town  close  to  the  Bavarian  frontier : 
here  seven  violent  shocks  occurred  on  the  morning  and  evening  of  March  5th, 
and  the  morning  and  afternoon  of  the  next  day.  People  ran  in  terror  from 
their  houses  into  the  streets,  chimneys  fell  down,  cracks  opened  up  in  the 
walls,  the  electric  light  went  out  in  many  buildings.    The  intensity  was 
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reckoz<ed  as  7  in  the  Forel  scale  at  Asch,  and  as  6  in  several  other  localities. 
The  general  direction  of  travel  was  from  south-west  to  north-east,  and  the 
cause  is  attributed  to  tectonic  movements  taking  place  in  the  highlj-faulted 
and  fissured  rocks  of  that  area.  It  is,  indeed,  a  region  which  has  been  over 
and  over  again  visited  by  earthquakes. 

Dr.  Enett  considers  the  last-described  earthquake  as  belonging  to  one  of 
the  periodic  "  earthquake-swarms/'  caused  by  the  pressures  acting  from  the 
Alps  in  the  south-east  on  the  Bohemian  ma»sif :  the  Erzgebirge  plays  the  part 
of  a  sort  of  seismic  accumulator,  and  once  a  certain  limit  of  tension  is  reached 
these  accumulated  pressures  are  released  in  the  form  of  earthquake-swarmi. 
The  next  batch  should  have  been  looked  for,  on  this  hypothesis,  between  th«* 
years  1950  and  1975,  but  the  complication  introduced  by  the  "  swarms  "  of 
1900  and  1901  leads  to  the  conclusion  that  a  depression  is  gradually  forming, 
transverse  to  the  strike  of  the  Erzgebirge,  the  full  effects  of  which  may  not 
be  felt  for  thousands  of  years  to  come.  L.  L.  B. 


"  EARTHQUAKE-SWARMS  "  IN  SAXONY  AND  BOHEBOA,  1900-1902. 

Die  VogtIdiidUchen  ErderMchiitterungen  in  dem  Zeitraume  vom  Septtmhtr,  1900,  W« 

zum   JAdrz,    1902,   imhe^ondert    die   Erdbebeiischivarme   irn    Fruhjahr   und 

Sommtry    1901.      By    Hermann    Credneb.      Berichte    der  McUhtmntitck. 

phyftinchen  Classe  dtr  kOniglichtn  Sdchiischen  GeMellschc^ft  der   Wijfftefutchajhu 

zu  Leij/ziy,  1902,  pages  74-90,  with  two  maps  in  the  text. 

After  a  brief  description  of  the  earth-tremors  recorded  at  various  localities 

in  the  Vogtland  (Saxony)  between  September  19th,  1900,  and  February  13th, 

1901,  the  author  proceeds  to  consider  the  "earthquake-swarms,"   consisting 

of  not  less  and  perhaps  more  than  106  separate  shocks,   which   visited  the 

southern   portion   of   that   district   between   May   8th   and   June   28th.    19U1. 

The  most  violent  shock  was  felt  on  June  2nd  at  Brambach  and  Schunberg: 

the  grouud  appeared   to  heave  and  sink,  windows  clattered,   the   birds  flew 

in  alarm  out  of  their  nests,  and  a  noise  like  thunder  accompanied  the  shock. 

This  **  subterranean  thunder"  was  a  characteristic  accompaniment   of  mauj 

of  the  other  tremors. 

Only  a  few  weeks  of  tranquillity  intervened  before  another  "  earthquake- 
swarm  "  visited  the  same  district,  but  extended  this  time  into  the  Kger- 
land  (Hoheniia^  It  l)egan  with  a  fairly  violent  shock  at  1*50  p.m.  on  July 
25th,  1901,  of  seismicity  5  in  the  earthquake-scale,  travelling  from  north- 
west to  south-east.  The  heaving  of  the  soil,  the  (juaking  of  walls,  the  clatter- 
ing of  windows,  and  the  displacement  of  small  articles  of  furniture  were 
reported  from  the  whole  of  the  epicentral  area.  About  15  after-shiKks  >*crv 
recorded  up  to  the  atternoon  of  August  Mai.  Then,  for  a  period  of  several 
mouths,  there  was  complete  tranquillity,  broken  on  Decemlwr  8th  und  9th 
by  two  very  sharp  shinks  accompanied  by  a  roar  like  thunder.  These  were 
recorded  at  Markneukirchen  on  the  8th  at  10"4.')  p.m.  and  on  the  9th  at  5  a.m. 
It  is  characteristic  of  the  earthquakes  that  have  befallen  the  Vogtland 
of  late  years  that  they  occur  so  frequently  in  "  swarms."  Further,  that  th* 
epiccntra,  instead  ol  lying  in  the  central  and  northern  districts  broken  up 
by  the  most  complicated  tectonic  disturbances,  are  situated  in  the  southern 
district  which  is  comparatively  untouched  by  faulting  and  folding.  In  thi* 
district  two  independent  foci  are  rtn-ognized :  (1)  that  of  Brambach-Schonbi»rg: 
and  (2)  the  other,  that  of  (Iraslitz-rntersachsenberg ;  and  the  epiiM?ntral  areiu 
are  situated  cither  on  granite  or  on  the  slates  which  abut  directly  on  the 
granite.  L.  L.  B. 
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THE  EARTHQUAKE  AT  SAL6.  NORTHERN  ITALY,  1901. 

SuUe  Condizioni  geoffno«tiche  del  Territorio  di  Said  {Prow  di  Brescia)  rispeito  al 
Terremoto  del  30  Ottobrt,  1901.  By  L.  Baldacci  and  A.  Stella.  Bollettino 
del  ReaXe  Comitato  Oedogico  d' Italia,  1902,  vol.  Txxiii.,  pages  4-25,  atid 
Z  plates. 

The  authors  made  a  careful  examination  of  the  geological  structure 
of  the  district  of  Sal6,  a  tdwn  which  lies  on  the  shores  of  the  Lake  of 
Garda,  in  the  province  of  Brescia,  with  the  view  of  determining  to  how 
great  an  extent  this  structure  was  a  factor  in  the  earthquake  which  took 
place  there  on  October  30th,  1901,  at  3-48  p.m.  The  region  is  subject  to 
fairly-frequent  seismic  disturbances,  but  the  shock  just  mentioned  is  said 
to  be  the  most  violent  known  to  history  on  the  "  Riveria  Bresciana." 
The  earthquake  was  preceded  by  a  rumbling  as  of  thunder,  and  the  motion, 
at  first  up-and-down,  became  undulatory,  travelling  in  a  direction  from 
south-east  to  north-west,  the  duration  being  7  seconds.  No  less  than 
16  after-shocks  followed,  the  latest  on  January  9th,  1902,  when  the  authors 
themselves  were  staying  in  the  district.  Scarcely  a  single  building 
escaped  damage,  the  greatest  havoc  being  wrought  in  the  flat  strip  along 
the  lake-shore  where  the  edifices,  public  and  private,  for  some  distanL*e 
were  ruined  beyond  repair.  Half-way  up  the  hillside  the  damage  is 
considerably  less,  and  it  turns  out  in  fact  to  bear  a  distinct  ratio  to 
the  stability  or  instability  of  the  deposits  on  which  the  city  and  suburbs 
are  built,  as  well  as  to  the  solidity  of  the  buildings  themselves.  The 
intensity  of  the  earthquake  was  hardly  so  great  as  the  destruction  wrought 
by  it  would  seem  to  imply,  the  authors  estimating  it  at  somewhat  less  than 
8  in  the  De  Rossi-Forel  scale. 

The  strip  along  the  lake-shore  consists  of  fluvio-glacial  deposits;  overly- 
ing these,  and  forming  the  subsoil  of  the  higher  part  of  the  city  and 
immediate  suburbs,  are  Quaternary  argpillaceous  drifts.  (It  will  be 
observed  that  all  these  deposits  are  practically  loose  detritus.)  The  solid 
rock-ridge  behind  consists  of  calcareous  shales  and  conglomerates  of  re- 
spectively Cretaceous  and  Miocene  age.  Upon  this  ridge  is  perched  the 
hamlet  of  San  Bartolomeo,  built  on  a  patch  of  fossiliferous  Pliocene  clays, 
and  the  flanks  of  the  ridge  are  mantled  by  a  loose  rubble  of  weathered 
rock.  L.  L.  B. 


THE  EARTHQUAKES  OF  GREIZ  AND  THE  BOHMERWALD,   1902. 

Die  vom  Wiechert*schen  aMatischen  Pendtlseismcmeter  der  ErdbehenjutcUion  Leipzig 
wdhrend  des  Jahres  1902  registrirten  Nahhehen,     By  H.  Cbedner.     BeriefUe 
der  MatJiematisch-physischen  Klasse  der  k&niglichen  Saehsischen  Gesellschaft 
der  WisseiischaJUn  zu  Leipzig ,  1903,  21  pages,  1  plate,  and  3  text -figures. 
On  May  Ist,  1902,  at  Greiz,  in  the  Vogtland  district  of  Saxony,  an  earth- 
quake took   place,   the  microseismic   undulations  of  which   travelled   north- 
ward beyond  Leipzig,  and  were  recorded  by  the  Wiechert  astatic  pendulum- 
seismometer  in  that  city.    The  starting-point  of   the   phenomenon   appears 
to    have    lain    in    the    highly-disturbed    and    faulted    older    Palaeozoic    belt 
which   trends   north-eastward    through   Zeulenroda,   Greiz,    and   Berga   from 
Pausa-Schleiz,  finally  disappearing  below  the  Rothliegende  formation  of  the 
Erzgebirge  basin  and  the  Gera  district.    The  seismic  phenomena  manifested 
themselves  along   the   strike   of  this    older   Palaeozoic   belt   south-westward, 
but  more  especially  north-eastward,  dying  out  finally  on  the  further  side 
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of  the  Pleisse  valley.  The  area  thus  affected  waa  roughly  elliptical,  with 
a  major  axis  about  19  miles  in  length,  and  a  minor  axis  running  east  and 
w^ist,  about  12|  miles  long— say,  in  all,  181  square  miles.  A  fairly  violent 
shock,  accompanied  by  a  rumbling  like  thunder,  alarmed  the  inhabi- 
tants of  Greiz  about  5*31  a.m.  Doors  and  windows  rattled,  houses 
quaked,  and  tardy  sleepers  were  all  but  shaken  out  of  their  beds.  A 
second  and  a  third  shock  followed,  of  diminishing  intensity  and  shorter 
duration,  as  compared  with  the  first.  Judging  from  the  record  obtained 
by  means  of  the  Wiechert  seismometer,  the  entire  duration  of  the  phenomenon 
does  not  seem  to  hare  exceeded  30  seconds,  and  no  ascertainable  damage 
was  done  to  persons  or  property. 

After  discussing  at  some  length  the  records  obtained  with  the  above- 
mentioned  instrument,  the  author  proceeds  to  describe  the  earthquake  which 
took  place  early  in  the  afternoon  of  November  26th,  1902,  in  the  Bohmerwald 
(or  Great  Bohemian  Forest)  district.  The  roughly  elliptical  area  affected 
by  this  earthquake  extends  over  some  1,544  square  miles,  the  major  axis 
(about  56  miles  in  length)  lying  parallel  to  the  main  mountain-range.  The 
epicentral  area  lies  in  the  gneiss  and  granite-massif  of  the  Bohmerwald.  but 
the  geological  map  fails  to  reveal  any  important  fault-fissures  or  disloca- 
tions hereabouts,  with  which  the  seismic  phenomena  might  be  geneticallj 
associated.  The  exact  time  at  which  the  tremor  began  was  1'19  p.m..  and 
it  reached  an  intensity  (in  the  pleistoseismic  area)  of  5  in  the  De  Rosti 
scale.  Bricks  fell  from  chimney-stacks,  walls  were  cracked,  houses  quaked 
from  roof  to  basement,  doors  flew  open;  in  some  places  people  ran  out  into 
the  streets,  and  all  domestic  animals  showed  signs  of  g^at  terror.  Only 
one  shock  is  reported  in  this  area,  and  it  was  accompanied  by  a  thunderous 
roar.  Farther  away  from  the  opicentrum,  instead  of  one  shock,  the 
records  tell  of  2,  3,  or  4  uudulating  tremors  lasting  several  seconds  each, 
and  of  sufficient  violence  to  give  rise  to  considerable  alarm.  The  entire 
duration  of  the  phenomenon,  as  registered  by  the  Wiechert  seismometer,  wa-i 
little  short  of  two  minutes.  L.  L.  B. 


SEISMIC  DISTURBANCES  IN  GREECE  DURING   1899. 

Rf>M\iltntM  (its  Ohsfftftfions  sixmiqueM^  jaitfs  en  On'o  j>tu(lnnt  CAnn^*  1899.  Wy 
1).  EciMTis.  AiiudJtM  d(  rOftneri'ntoirc  Xational  (VAtheiUM^  1901,  jW.  in., 
;>ri./..  21-27. 

Th»'  number  of  oarth-tremors  recorded  in  (jlroece  during  the  year  1^*99 
was  567,  exceeding  the  annual  average  by  36.  This  annual  average  is 
calculated  from  the  records  obtained  during  the  ({uinquennial  period  1S9.'^ 
1898.  Tlie  fro(|uenry  of  the  cartli-tremnrs  varied  considerably  from  month  t4» 
month,  the  maximum  ot  119  Inking  olwerved  in  March  and  the  minimum  of 
18  in  December.  The  seasonal  variation  in  number  was  as  follow^s :  149  shiH'ki 
in  the  winter,  271  in  the  spring,  62  in  the  summer,  and  80  in  the  autumn- 
Out  of  the  total  7i(u  sho<ks.  .3 W  took  place  during  the  night  and  219  during 
tho  day.  The  records  of  1H<K)  contirm  the  conclusion  drawn  l>y  the  author 
from  the  observations  made  in  189.3-1898.  that  there  is  no  tangible  relation 
betNvcen  the  fre<jucncy  of  siMsmie  disturbances  and  the  position  of  the  moon 
in  its  or>)it.  The  same  remark  holds  good  in  regard  to  seismic  phenomena 
and  the  periods  of  aphelion  and  perihelion. 

A  full  list  is  given  of  the  districts  and  towns  or  villages  where  the  aK»ve- 
mentioned  567  shoeks  were  observed.     Zante  would   appear  to  be  espei^ially 
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*'  favoured  "  in  this  respect^  no  less  than  421  out  of  the  total  number  having 
been  recorded  there. 

On  the  morning  of  January  22nd,  1899,  at  12  minutes  to  10,  the  province 
of  Triphjlia,  on  the  western  coast  of  Peloponnesus,  was  visited  by  an  earth- 
quake, which  caused  a  considerable  amount  of  damage,  although  its  effects 
were,  comparatively  speaking,  local.  In  the  epicentral  area  at  Cyparissia 
alone  53  houses  crashed  down,  70  others  were  rendered  uninhabitable,  and 
not  a  single  house  escaped  damage.  The  phenomenon  consisted  of  two  violent 
shocks,  both  of  which  were  preceded  and  accompanied  by  a  subterranean 
rumbling.  The  second,  instead  of  being  unduJatory  in  character,  as  was 
the  first,  was  jerky  in  character,  and  was  the  one  that  caused  most  of  the 
material  damage.  Each  shock  lasted  about  7  seconds.  The  direction  of 
travel  was  from  south-west  to  north-east,  almost  perpendicular  to  the  major 
axis  of  the  epicentral  ellipse.  After-shocks  continued  for  a  week  after  the 
principal  phenomenon.  Domestic  animals,  such  as  dogs  and  chickens, 
showed  sig^s  of  fear  before  the  earthquake  took  place,  uttering  cries  of  alarm 
and  seeking  safety  in  flight.  Prof.  Milne's  record  of  the  shock,  as  observed 
by  means  of  his  instruments  at  Shide,  in  the  Isle  of  Wight,  showed  that  it 
travelled  thither  at  the  rate  of  1^  miles  per  second.  There  were  no  crevices 
or  fissures  opened  up  in  the  ground  within  the  epicentral  area,  although 
subsidences,  which  compromised  the  stability  of  the  railway-line,  took  place 
at  Calamata.  As  usual,  springs  were  variously  affected  in  different  localities, 
some  drying  up,  others  becoming  turbid  or  flowing  in  greater  volume.  The 
complete  "  earthquake-catalogue  *'  for  1899,  in  Greece,  on  which  the  author's 
memoir  is  based,  occupies  pages  336  to  375  of  the  AnncUes. 

L.L.B. 


THE  EARTHQUAKE  AT  MIGNANO,  ITALY,  1902. 

//  Ttrremoto  di  Migrtano  {Oiugno-Liigiio,  1902).  By  V.  Sabatini.  Bollettino  del 
Rexde  Comitato  Oeologico  d' Italia,  1902,  vol.  xxxiii.,  pages  178-198,  and  1 
plaie. 

This  memoir  embodies  the  results  of  the  investigation  conducted  on  the 
spot  by  the  author,  at  the  request  of  the  Minister  of  the  Interior.  The 
ouilding^  at  Mignano  are  generally  of  such  poor  materials  and  so  execrably 
put  together,  that  the  very  fact  that  they  have  not  been  reduced  to  a 
heap  of  ruins  by  a  succession  of  earth-tremors  extending  over  forty  days 
or  so,  shows  (in  the  author's  opinion)  that  those  tremors  cannot  have  been 
of  a  very  serious  character.  The  motion,  too,  must  have  been  mainly  "  up 
and  down,'*  rather  than  undulatory. 

The  first  plainly  perceptible  shock  was  felt  at  7-30  a.m.  on  June  24th, 
1902,  and  another  followed  about  11  a.m.  After  an  interval  of  several  days  of 
complete  quietude,  there  came  a  series  of  after-shocks,  from  two  or 
three  to  six  or  seven  in  a  day,  generally  between  10  and  11  a.m.,  then 
at  11  p.m.,  and  finally  between  1  and  2  a.m.  It  is  stated  (whatever  that 
may  mean)  that  **  the  strongest  shocks  were  generally  felt  on  the  night 
which  followed  on  a  Sunday !  ** 

About  July  4th  or  5th,  thunderous  subterranean  rumblings  begfan  to  be 
heard,  sometimes  associated  with  earthquake-shocks,  sometimes  not.  The 
inhabitants  were  panic-stricken  on  the  night  of  Sunday,  July  20th,  when 
the  earthquake-roar  is  described  as  unceasing  and  the  shocks  as  continuous. 
About  a  week  later,  at  1*3  a.m.  on  Monday,  July  28th,   was  the  strongest 
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shock  of  the  whole  series.    The  last  noticeable  tremor  seems  to  have  taken 
place  on  July  3l8t. 

The  valley  in  which  Migfnano  (province  of  Caserta)  lies  runB  from  north- 
west to  south-east,  up  from  the  lowlands  of  Rocca  d'Evandro  into  the  hilli 
of  Mesozoic  and  Eainozoic  limestone,  which  form  its  eastern  and  western 
walls.  Ihe  valley  is  about  6^  miles  long,  and  through  it  is  carried  the  rail- 
way-line from  Rome  to  Naples.  The  valley-bottom  is  made  up  of  volcanic 
materials  overlying  limestone,  and  Mig^ano  itself  is  built  on  tu£F.  An 
ancient  lava-flow,  1|  miles  in  length  and  half  a  mile  broad  extends  from 
south-west  to  north-east  down  towards  the  railway  from  the  baae  of  Monte 
Friello.  There  are  other  lava-flows  in  the  neighbourhood,  of  apparently 
leas  importance. 

On  the  geological  map,  which  accompanies  the  memoir,  the  author  ha* 
traced  the  isoseismal  curves,  and  these  show  that  the  epicentral  area  has  t 
roughly  triangular  form,  one  of  the  angles  being  \  mile  north  of  Mignano. 
and  the  other  two  distant  about  2  miles  respectively,  south-south-west  and 
south-south-east  of  that  place.  Evidently  the  seismic  focus  lay  at  no 
great  depth,  comparatively  speaking.  The  author  calculates  it  roughly  at 
6,000  feet. 

In  the  case  of  most  earthquakes  that  take  place  in  Italy  the  strongeit 
shocks  are  felt  at  the  beginning  of  the  period  of  seismicity,  but  at  Mignano, 
as  we  have  seen,  particularly  violent  shocks  were  observed  at  the  middle 
and   at  the   end   of  that  period   as  well. 

The  various  possible  causes  of  the  Mignano  earthquake  are  discussed, 
but  the  author  prefers  not  to  pin  himself  down  to  a  definite  opinion  until 
such  time  as  the  tectonic  geolog^^  of  the  area  is  better  known. 

L.  L.  B. 


EARTHQUAKE  IN  FINLAND,    1898. 

Jord'ikalfvtt  den  5  Xov.y  1898.  By  K.  A.  Mobero.  Fennia,  1901,  txV.  rriii., 
Xo.  6,  payet  1  -28,  irith  a  map. 

The  author  collects  in  this  paper  all  the  observations  recorded  in  respect 
of  the  earthquake  which  took  place  in  northern  Finland  and  part  of  Sweden, 
a  few  minutes  before  1  o'clock  on  the  morning  of  November  5th,  1898.  The 
area  over  which  it  extended  is  shown  by  the  isoseiamic  curves  plotted  out  on 
the  map  that  accoiii panics  the  paper. 

Although  at  8om*.>  localities  two  distinct  shocks  are  said  to  have  been  felt, 
the  records  do  not  agree  as  to  the  interval  between  these  shocks;  and  the 
greater  numl)er  of  reports  concur  in  describing  the  earthquake  as  consistinfi: 
only  of  one  shwk.  It  appears  to  have  travelled  from  south-east  to  north- 
west, and  caused  no  damage  of  any  consequence.  The  sound,  described  a* 
resembling  the  clattering  of  heavy  curt-wheels  on  a  hard  frozen  road,  was 
much  louder  within  the  epicentral  area  than  outside  it.  Moreover,  the 
sound  preceded  the  actual  shock  within  the  epicentral  area,  but  outside  that 
area  Nound  and  shock  were  simultaneous. 

On  the  author's  map  are  also  plotted,  for  purposes  of  comparison,  thr 
iHos<'irtniic  curves  of  the  earthcjuakes  which  took  place,  they  too  around  the 
(iult  of  Hothnia,  on  June  15th  and  June  2.'Jrd,  1882.  These  isoseismic  curvr* 
show  tliat  the  epicentral  area  of  the  recent  earthquake  lies  east-north-east  «>! 
the  similar  areas  of  the  preceding  earthcjuakes.  L.  L.  ]\. 
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THE  SWEDISH  EARTHQUAKE  OF  NOVEMBER.  1901. 

Metlddanden  om  JorcUtdtar  i  Sverige.  By  E.  Svedmark.  Geologiska  Fdreuingen-'* 
I  Stockholm  Fdrhandliiigar,  1902,  vol.  xxii\,ptig€Jt  85-120,  and  I  map. 

Yermland  is  reckoned  among  those  provincea  of  Sweden  wherein  earth- 
quakes are  of  fairly  frequent  occurrence,  and  it  formed  the  epicentral  area 
of  the  earthquake  which  took  place  in  the  night  of  November  9th  to  November 
10th,  1901.  About  one  second  before  midnight,  two  immediately  consecutive 
shocks  were  felt  at  Karlstad  (the  customary  centre  of  the  Vermland  earth- 
quakes), followed  by  a  rumbling  like  thunder  and  by  a  series  of  after-shocks. 
The  seismic  waves  travelled  on  the  whole  from  north-west  to  south-east,  and 
the  latest  and  feeblest  shock  was  observed  about  2*30  a.m. 

Having  sent  out  circulars  with  the  usual  schedule  of  questions,  the  author 
received  replies  from  54  localities,  and  with  the  help  of  these  he  was  enabled 
to  plot  out  the  isoseismic  curves  on  the  map  which  accompanies  his  paper. 
As  above  mentioned,  YermJand  forms  the  epicentral  area,  but  the  outer 
isoseismic  curve  extends  from  Christiania  on  the  east  to  Upsala  and  Sodertelge 
on   the  west,  that  is,  almost  as  far  as  Stockholm. 

The  earthquake-sound,  by  some  observers,  is  said  to  have  culminated  in 
something  like  a  resounding  thunderclap  or  the  noise  of  a  shot  fired  by 
dynamite.  Allusion  is  also  made  to  a  glare  or  flash  of  light,  which  might 
possibly  be  due  either  to  an  electric  discharge  or  to  fluorescence.  One  does 
not  gather  that  any  damage  to  persons  or  property  was  suffered. 

In  Sweden,  these  seismic  phenomena  are  in  no  wise  associated  with  vul- 
canicity,  rather  may  they  be  regarded  as  due  to  purely  tectonic  causes,  such 
as  sagging  or  settling  aJong  a  line  of  fault,  etc.  L.  L.  B. 


EARTH-TREMORS,  ETC.,  AT  ZI-KA-WEI,  CHINA. 

Pheuomines  ohnen^  d.  Zi-Ka-  Wei  {Chine)  lors  de  VE-niption  de  fa  Martinique.  By 
—  DB  MoiDREY.  CompteJt-reiuitiA  hehdomadaireM  den  SMncej*  de  VAcadimit 
den  Scienre-'ij  1902,  vol.  cxxxr. ,  jxige  322. 
The  observatory  at  the  above  locality  in  China  is  situated  not  more  than 
10  minutes  of  a  degree  distant  from  the  meridian  which  corresponds  in  the 
Old  World  to  the  meridian  of  Martinique  in  the  New  World.  Now,  on  the 
day  and  at  the  time  of  the  eruption  of  the  Montague  Pelee,the  bifilar 
pendulum  registered  a  sudden  increase  in  the  horizontal  component  (aftei 
a  long  period  of  magnetic  calm),  and  for  8  hours  thereafter  the  instrument 
was  agitated  by  what  must  have  been  a  mechanical  cause.  The  mercury- 
column,  too,  of  the  great  barometer  quadrupled  in  thickness,  acting  as  a 
sort  of  seismograph :  this  thickening  was  followed  by  a  second  sudden  increase 
of  the  horizontal  component,  and  that,  after  an  interval  of  3  hours  or 
so,  by  a  third.  A  quiet  period  of  about  7  hours  supervened,  then  a  fresh 
disturbance  took  place,  lasting  far  into  the  next  day. 

Thus  in  China,  just  as  at  Paris  and  at  Lyons,  a  period  of  magnetic  dis- 
turbance began  at  a  time  coincident  with  the  Martinique  eruption :  and 
there  were  also  earth-tremors,  which  appear  to  have  taken  about  4^  hour>^ 
to  travel  from  the  West  Indies  to  the  far  east  of  Asia.  L.  L.  B. 
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THE  PROPAGATION  OF  EARTHQUAKES. 
Propagazioue  M  Terremoti,     By  GiULio  Grablovitz.     Atti  delta  RecUe  AccacUmia 
dei  Liiicei^  1902,  nerie^  5,  BendicoiUi,  vol,  xi.,  ptiges  177*185. 
From  the  complex  of  records  obtained  by  modem  methods  of  the  sei*- 
mographic  registration  three  principal  phases  emerge:  — 

1.  Rapid  undulations  which,  coming,  say,  from  Japan,  reach  Italy 
about  ^  hour  after  the  commencement  of  the  earthquake  at  the  epioentrum, 
and  are  protracted  for  several   minutes. 

2.  Slackened  undulations,  of  greater  amplitude  than  the  foregoing,  arriv- 
ing  10  minutes  later,  or  25  minutes  after  the  commencement  at  the 
cpicentrum. 

3.  Slow  oscillations  of  15  seconds  period,  30  minutes  after  the  first 
phase,  or  45  minutes  after  the  commencement  at  the  epicentnim.  These 
oscillations  generally  attain  their  greatest  amplitude  5  or  10  minutet 
after  their  first  arrival,  and  they  are  preceded  by  extremely  slow  oscilUtions 
(of  60  seconds  period),  of  inconsiderable  amplitude  and  revealed  alone  by 
specially  delicate  instruments.  This  third  phase  occasionally  lastfl  for 
a  few  hours,  and  the  instruments  available  are  hardly  sensitive  enough  to 
determine  the  precise  moment  at  which  it  ceases. 

The  author  points  out  that  the  hypothesis  of  longitudinal  and  tranaverM 
oscillations,  lately  received  with  much  favour,  takes  into  account  the  first 
and  the  third  phases,  but  leaves  unsolved  the  problems  attaching  to  the 
second  phase.  The  intervals  between  the  three  phases  and  their  duration 
increase  concurrently  with  the  distance  from  the  cpicentrum ;  and  the 
author  explains  on  what  grounds  he  established  his  formerly  suggested 
co-cfficicnt  of  186  miles  (300  kilometres)  for  every  minute's  interval  be- 
twoon  the  beginning  of  the  first  and  that  of  the  third  phase.  He  now 
shows  to  what  modifications  this  co-efficient  is  subject,  in  view  of  improved 
methods  of  seisniographic  registration,  discussing  for  this  purpose  the 
results  obtiiined  by  Messrs.  Milne.  Oldham  and  Uelar.  The  varying  velociiy 
of  the  first  ph{isi>  causes  the  co-efficient  to  vary  according  to  the  distances,  but 
the  tabulated  rcf^ults  show  that  the  range  of  variation  is,  after  all,  not 
so  very  great,  and  tlu'  rough  estimate  of  300  was  nearer  the  truth  than 
might    have    been   expected. 

In  Ihe  analysis  of  earthtiuakes  over  an  area  where  the  general  public 
has  hci'n  conscious  ot  their  occurrence,  the  distances  dealt  with  ran»ly  cxcc^h! 
620  miles  (1.000  kilometres).  Moreover,  at  most  points  of  observation. 
it  is  not  the  actual  first  oscillation  that  is  recorded,  but  a  more  advanced 
phase,  and  I'vcn  in  recording  this  there  is  some  delay.  Then,  although  it 
is  usual  in  dealing  with  remote  eartlupiakes  to  regard  the  co-ctfieicnts  oi 
vt'locity  as  constant,  we  should  bear  in  mind  the  modifications  which  thev 
may  nndiTgo  over  sliort  distances,  in  consecjuence  of  the  predominance  "f 
str.ita  more  <»r  less  favourable  to  rapid  seismic  propagation.  The  third 
phase  itself,  of  the  iiscertaini'd  velocity  of  2  miles  (3  kilometn»s)  per  stvonJ 
in  the  epicentral  an'a,  i-^  more  distinctly  felt,  and  actually  "overhauls* 
the  others.  'Ihe  depth  of  the  epicentruin,  largely  negligible  over  gn-at 
distances,  is  a  factor  of  considerable  importance  over  short  distances.  The 
author  concludes,  therefore,  that  very  precise  observations,  made  with  the 
very  b«'-t  instruiiM'nts.  are  necessary,  in  order  to  deduce  those  law-  ^hi»H 
one    niav    vainlv   attempt    to    build    on    incomplete    and    inexact    narrations. 

L.  L.  B. 
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FOLDING  OF  ROCKS  IN  RELATION  TO  EARTHQUAKES. 

Stir  rinjluence  Sufmique  des  Plvmtmenta  armoricaiiui  dans  le  Nord-oueU  de  la 
France  tt  dam  le  Snd  de  VAngleterre.  By  F.  dk  Montessus  dk  Ballore. 
Compteji-reiidits  hehdomadairea  des  Stances  de  VAcad6mie  de^^  Sciences,  1902, 
iK>l,  cxxxiv.^  pages  786-788. 

The  author,  a  well-known  seismologist,  states  that  the  object  of  this  paper 
is  to  show  in  what  measure  the  instability  of  the  earth's  crust  is  traceable  to 
those  post-Carboniferous,  so-called  Armorican,  folds,  which  characterize  the 
rcgfion  now  occupied  by  the  south-west  of  Ireland,  the  northern  shores  of 
the  Bristol  Channel,  Cornwall,  and  the  French  Palfeozoic  massif  (6ritanny» 
the  Cotentin,  and  Vendee).  Seismic  epicentra  are  disseminated  all  over 
this  area,  but  attention  is  directed  to  the  manner  in  which  those  that  are 
most  frequently  the  locus  of  earthquakes  are  grouped  together.  Isolated  and 
infrequently  active  epicentra  may  be  generally  traced,  with  a  considerable 
show  of  reason,  to  some  local  geological  "  accident "  or  fault-line. 

Epicentres  may  be  traced  along  the  Armorican  folds  in  county  Cork, 
and  across  into  south-western  Pembrokeshire  (Haverfordwest,  etc.),  and 
thence  right  into  the  Mendips.  The  great  fold  disappears  at  Frome  beneath 
the  Mesozoic  formations,  but  it  is  evidently  continuous  at  some  depth  below 
the  South  Downs,  reappearing  in  France,  where  its  course  is  marked  by 
seismic  epicentra  through  the  Boulonnais  and  into  Belgium.  In  the  same 
way  a  connection  is  traced  between  the  Armorican  folds  and  the  seismic  epi- 
centra, from  Dartmoor  to  the  Scilly  Isles  and  across  to  Britanny  and  in  the 
Channel  Islands.  Metalliferous  injections  appear  to  have  had  no  seismic 
influence  in  Cornwall,  but  the  same  assertion  cannot  be  made  in  regard  to 
the  elvans.  Nor  do  granitic  intrusions,  whether  in  Cornwall,  or  in  south- 
western  Ireland  or  in  Vendee  or  Britanny,  coincide  with  any  important 
seismic  epicentra. 

The  geological  phenomena  which  resulted  in  the  breaching  of  the  formerly 
continuous  land-line  by  the  Irish  Sea  and  the  English  Channel  had  no 
influence  in  determining  the  seismic  instability  of  the  area,  any  more  than 
the  late  Tertiary  elevations  and  subsidences.  Similar  observations  hold  good 
concerning  many  regions  of  the  globe's  surface,  for  such  phenomena  as  these 
are  too  superficial,  while  the  origin  of  the  great  folds  may  be  very  deep-lying. 

"  To  sum  up — the  Armorican  folds,  despite  their  great  antiquity,  have 
retained  a  remnant  of  vitality,  in  the  shape  of  fairly  frequent,  not  very 
intense  earth-tremors,  with  numerous  epicentra."  The  older  "  Caledonian " 
folds,  with  which  the  Armorican  folds  are  associated  along  the  northern  shore 
of  the  Bristol  Channel,  constitute,  on  the  other  hand,  an  element  of  stability. 

L.  L.  B. 


THE  FOLD-THEORY  OF  EARTHQUAKES. 

Les  Tremblements  de  Terre  de  PlissemeiU  dans  VEi-zgehirge.     By  F.  dk  Montessus 
DE  Ballore.     Comptes-rtndns  hebdomadaires  d^is  Stances  de  VAcad&mie  des 
Sciences,  1902,  vol.  cxxxiv.,  ftages  96-98. 
In  the  region,   which  is  bounded  by  the   Frankenwald  on  the  west,  the 
Eger  on  the  south,  and  the  Elbsandstein  on  the  east,  earthquakes  without 
being,  as  a  rule,  of  disastrous  intensity,  are  of  frequent  occurrenC'C.     Geologists 
are  generally  agreed  that  the  physiog^aphical  structure  of  the  region  is  in 
great  part  the  outcome  of  a  triple  folding,  begun  in  Archaean  times  and  con- 
tinued during  subsequent  periods;  this  folding  took  place  from  south-east  to 
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north-west,  and  thas  arose  three  sensibly  parallel  ranges  trending  from  soatb- 
west  to  north-east: — The  Mittelgebirge  being  the  southernmoet,  the  Enge- 
birge  lying  north  of  it,  and  the  Liebechiitz  HiUs  north  of  that  again.  The 
Erzgebirge,  the  most  elevated  and  longest  fold  of  the  three,  slopes  on  the 
onp  hand  down  to  the  peneplain  of  Saxony,  and  on  the  other  abuts  as  a  grctt 
wall  on  the  Eger  Valley  and  the  Bohemian  volcanic  fault.  This  fault-liiw 
is  marked  by  many  thermal  springs,  among  which  those  of  Franzensbad  aod 
Teplitz  are  the  most  renowned.  The  whole  area  has  been  injected  with 
granitic  and  other  laccolites,  and  complicated  with  basaltic  flows.  Metal- 
liferous veins  of  various  composition  and  age  course  in  every  direction  through 
the  rocks.  In  the  troughs  of  the  folds  lie  the  more  or  less  eroded  sedimentary 
deposits. 

The  instability  of  the  region  is  manifested  by  the  number  of  epicentres. 
150  or  more,  scattered  all  over  it,  but  perhaps  more  closely  clustereed  together 
in  the  south-west  of  the  Erzgebirge  than  elsewhere,  and  Graslitz  and  Brambarh 
may  be  regarded  as  the  districts  of  greatest  seismicity.  Now.  the  Graalits- 
Brambach  epicentres  are  evidently  connected  with  certain  huge  quartz-reef* 
which  fill  up  long  fractures  running  at  right-angles  to  the  Erzgebirge  rangf. 
and  in  some  cases  crossing  even  the  Eger  valley.  Owing  to  this  and  other 
circumstances,  the  author  infers  that  the  folding  movement  begun  in  the 
dim  recesses  of  Archaean  time  is  still  going  on,  and  the  recent  earthquakfi 
are  its  attenuated  manifestations. 

On  the  other  hand,  the  innumerable  fractures  that  characterize  the  Vogt- 
land  and  Saxony  have,  on  the  whole,  given  ris?  to  only  a  small  number  of  epi- 
centres. It  is  as  if  the  quartz-infilling  had  cemented  that  area  into  a  gigaotir 
breccia,  and  thereby  made  it  more  stable  than  otherwise.  Here  then  faulting 
has  an  exactly  opposite  effect,  so  far  as  seismicity  is  concerned,  to  foldinf^ 
li  conclusion  which  is  confirmed  on  examining  the  circumstances  connected 
with  tlie  great  Bohemian  volcanic  fault. 

Saxon  Switzerland,  despite  its  rugged  configuration,  is  a  very  stahlf 
area.  A  few  unimportant  epicentres  along  the  right  bank  of  the  EHh*.  ar* 
connected  with  the  great  dislo<*ution  of  the  Lausitzerwald  granite. 

The  author  points  out.  however,  that  it  would  be  very  rash  to  connect 
every  seismic  epicentre  with  some  neighbouring  geological  disliK-ation  or 
such  like  phenomenon.  Still  less  is  it  advisable,  as  many  seismologists  hire 
done,  in  the  absence  of  visible  geoloo^ical  disturbances,  to  regard  earth- 
(luakes  as  the  outward   manifestation  of   unknown   subterranean   faults. 

To  sum  up,  in  the  Erzgebirge.  out  of  three  kinds  of  geological  plu-nomfna 
implying  at  least  temporary  instability  (fracture-areas,  volcanic  **  line^  of 
least  resistance,"  and  folds)  the  last-named  alone  has  remained  a  living  iorrt 
down  to  our  own  days,  manifesting  itself  by  means  of  earthtiuakes. 

L.  L.  B. 


THE   KELATIONSIIIP  OF  SOrND-PHKNOMKNA  TO  EARTHgiAKl^. 

IIh  r  di'  Ih'.i^huittjtu  '.irl-trht-n  HnUtt^Uu  nmf  />»  f<nitifiont  ii  ;  fund  H*  rirht  uf-^r  da* 
I)t fount ionsftUhnonitu  nn  Diiftjfftutr  (t'tUinj*  am  14.  -4m//mV,  ISSW.  /fy  •!• 
KnkTT.  Sitiinnj'iht  rii-hte  (h  r  Afttfh«  nrifitrfi-nafnnri.H*euM'hnjyfirh»'N  C'l'"' 
i/f  r  k'list  rfirhtn  Ahtthmit  ih  r  WIsh,  iisrh'i/ttn  [I'ifinm]^  1900,  i-'J.  ••i>., 
itlithtlhnnj  /.,  y/'i;/*^v  700-734,  with  W  tiijnn  s  in  th*  tfjrt^  fiud  /*«i«/".  7«^'>-T67. 
irlth  0  tiijtin  >  ill  tht  ft  .rf  mi'l  *J  ftlnf*  «. 
Tointiiig  out   in   the  first   place  the  general   consensus  of  experience  tba» 

the  sound  which   accompanies  an   earthquake   is  directly  proportional  in  in- 
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tiii^ity  to  the  violence  of  the  shock,  the  author  draws  attention  to  certain 
cases  wherein  the  terrific  loudness  of  the  sound-phenomena  has,  however, 
been  out  of  all  proportion  to  the  comparatively  feeble  vibration  of  the 
soil.  To  seek  for  the  cause  of  these  it  seems  needful  to  start  from  the 
premiss  that  certain  "  earthquake-sounds  "  or  detonations  are  independent 
phenomena,  the  result  of  one  or  more  causes  originating  in  a  particular 
focus,  and  the  earth-tremors  observed  in  connexion  with  them  are  merely 
accessory  accompaniments  originating  in  the  same  focus. 

Feeble  detonations  are  unaccompanied  by  any  observable  earth-tremors. 
Among  such  the  author  reckons  the  "  Barrisal  guns  **  of  Java,  the  Gangetic 
plain,  and  the  Congo,  the  "  Marina  "  of  the  Umbrian  coast,  and  the  "  Mist- 
poeffers  *'  or  "  Zeepoeffers "  of  the  Flemish  coast.  These  phenomena,  feeble 
though  they  be,  are  remarkable  for  their  continual  recurrence  at  the  same 
localities,  and  it  may  be  remembered  that  Prof.  George  Darwin  has  assigned 
them  to  microseismic  movements  of  the  earth's  crust. 

Of  another  order  are  the  "  detonation-swarms,"  consisting  of  a  more  or 
less  rapid  succession  of  thunderous  sounds,  in  a  region  where  they  have 
not  occurred  before  and  do  not  recur  so  far  as  we  know.  Such  "  swarms  " 
may  go  on  for  weeks,  months,  or  even  years  at  a  time.  Such  were  those 
of  Guanaxuato  (Mexico)  lasting  from  January  9th  to  February  14th,  1784: 
of  Villaga,  Italy,  from  November  4th  to  December  26th,  1851;  of  Meleda, 
Dalmatia,  lasting  from  1822  to  1825.  After  a  short  description  of  these, 
the  author  proceeds  to  discuss  minutely  the  relation  between  tremor  and 
detonation,  and  seeks  to  prove  that  in  a  given  medium  both  travel  with 
an  equal  velocity — in  a  word,  that  the  seismic  and  acoustic  waves  transmitted 
by  ponderable  matter  have  much  the  same  mutual  relationship  as  the  electro- 
magnetic and  optical  waves  transmitted  by  imponderable  matter.  This 
equality  of  velocities  in  the  purely  seismic  phenomena  of  the  lithosphere 
applies  only  to  the  rapid  [transverse]  vibration-waves.  What  Vue  author 
terms  "  not  purely  seismic,  or  mixed  '*  phenomena  of  the  lithosphere,  such 
as  tremors  connected  with  certain  volcanic  eruptions,  give  rise  to  acoustic 
waves  which,  however,  are  propagated  with  the  slow  [longitudinal]  earth- 
waves.  He  enunciates  his  "detonation-theory"  as  follows: — Earth-sounds 
are  for  the  most  part  mixed  phenomena  of  predominantly  acoustic  origin. 
These  are  propagated  from  their  focus  through  the  earth's  crust  by  means 
of  waves  which  correspond  to  the  earthquake-waves  proper  (slow  waves), 
and  possess  the  same  velocity  as  the  last-named.  The  **  report "  of  such 
detonations  bears  no  aualogT^  to  the  noises  heard  before  the  principal  shock 
in  most  earthquakes.  The  detonations  are  of  various  intensities,  and  are,  as 
a  rule,  accompanied  by  vibrations  of  the  surface  of  the  environing  medium, 
the  intensity  of  such  vibrations  being  generally  concordant  with  that  of 
the  "report." 

Detonations  are  classified  by  the  author,  according  to  their  degree  of 
intensity,  in  five  categories,  and  he  emphasizes  by  description  and  diagram 
the  distinction  between  these  phenomena  and  earth-tremors.  He  then 
endeavours  to  trace  out  the  possible  causes  of  the  phenomena,  and  refers 
in  this  connexion  to  sudden  outbursts  of  gas  below  ground  and  to  the 
sudden  caving-in   of  subterranean  caverns,   etc. 

In  his  second  memoir,  he  describes  the  detonation-phenomena  observed 
around  Duppau  in  Bohemia  on  August  14th,  1899,  between  6  and  6.15  p.m. 
These  consisted  of  a  couple  of  subterranean  "  thunderclaps  "  of  medium  in- 
tensity (3  in  the  author's  scale),  accompanied  by  a  feeble  earth-tremor  (2  to 
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3  in  the  accepted  scale).  The  sky  was  cloudless,  and  the  first  "clap*'  was 
especially  startling.  The  localities  where  the  sounds  were  obsenred  fall 
within  a  circle,  the  diameter  of  which  does  not  exceed  8^  miles.  After  a 
very  detailed  discussion  of  the  facts,  including  considerations  on  the  form 
of  undulations  and  the  possibility  of  "  total  reflection  **  within  the  earth't 
crust,  the  author  points  out  that  the  volcanic  massif  of  Duppau.  which  i.<« 
cut  in  two  by  the  great  Bohemian  fault,  arose  along  two  main  dislocations 
with  which  are  connected  a  number  of  smaller  faults.  The  district  u  no 
stranger  to  the  seismic  phenomena,  but  the  author  appears  inclined  to 
attribute  the  "  detonations "  to  an  outburst  of  gas  taking  place  among  the 
rocks  at  some  depth  below  the  surface.  L.  L.  B. 


THE  CAUSES  OF  EARTH-TREMORS. 

Brwlviijimi  e  IWremoti  def/a  Begioiie  Beitactiute.  By  O.  B.  Cacciamau.  BoliethM 
deJfa  Sociefd  Oeologica  ItcUiaiia,  1902,  vol,  xxL,  paytM  181-106. 

A  study  of  recent  earthquake-phenomena  in  Northern  Italy.  a«  well  a* 
of  the  Tertiary  and  prehistoric  seismologry  of  the  same  region,  has  led  thf 
author  to  the  following  conclusions,  among  others:  — 

1. — The  slow  oscillations  of  the  soil  (or  bradyseisms)  affect  considerable 
areas  of  the  earths  surface;  whereas  the  rapid  oscillations  (or  earthquakes) 
are  comparatively  localized,  although  the  undulations  may  be  propagated 
over  regions  of  far  greater  extent  (eccentric  earthquakes)  than  those  subject 
to  bradyxcismif  influciu'C. 

2.  The  erumplings  and  contortions  of  the  strata,  the  lines  of  faulting, 
dislocation,  and  fracture,  amid  rocks  of  the  same  age,  prove  that  bradj- 
scismic  phenomena  have  taken  place  in  all  geological  periods.  The  limiting- 
lines  of  the  I>rady8pi8ni8  may  he  parallel  or  sub-parallel,  continuous  or 
interrupted,   straight  or  sinuous. 

3.  The  principal  seismic  areas  are  grouped  in  relation  to  these  linv^.  and 
therefore  most  earthcjuakes  are  connected  with  the  tectonic  irregularitie!«  of 
the  area  in  which  they  wcur.  So  then,  most  earthquakes  are  intimately  ton- 
nected    (by    derivation)    with    bradyseismie    phenomena. 

4.  Tlie  settling-down  of  the  rock-masses  which  form  the  earth's  crust,  if 
the  cause  both  of  bradyseisms  and  earthquakes.  But  the  latter,  just  a*  are 
volcanoes,  are  subordinate  to  the  former,  which  constitute  the  chic!  tactor 
in  orogenic  development.  It  is  sheer  obstinacy  ot  scientific  tradition  t.» 
attribute  eartluiuakes  to  any  other  cause  that  can  be  raked  up  except  thi* 
slow  sagjyjng  (such  as  tension,  liberation,  or  subterranean  explosion  «»!  gast^ 
movements  ot  molten  magmas,  etc.).  So  too.  by  inveterate  habit,  in  referring 
to  orogenic  development  or  mountain-building  we  speak  of  uplifts  ot  the  ^»il. 
whereas  the  stvular  sagging  resolves  itself  mostly  into  subsidences. 

5.  The  mode  of  juxtaposition  and  junction  of  rcn-k-masses  couMMjuent  on 
the  final  or  Cjuasi-final  settling-down  of  a  given  area,  is  a  facttir  which  telN 
against  ulterior  movements  among  these  masses.  So  the  bradyseismi*-  are.H 
tend  more  and  more  to  become  localized,  until  they  l)Ccomc  identical  with 
tachyseismic   (earthcjuake)  areas,   and   these   tend   finally  to  disappear. 

The  autiior  states  that  he  does  not  pretend  to  have  said  the  last  word  «>n 
the  subject,  but  rather  to  have  shown  the  way  wiiereby  we  may  finally  att.un 
to  a  rati(»nal  and  correct  explanation  of  telluric  phenomena.  L.  I..  W 
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THE  DIURNAL  OSCILLATIONS  OF  THE  SOIL. 

Dit  tdgliche  periodutche  Schicankung  den  Erdbodeiu  nach  den  Au/zeichnttngeu  eiiieM 
dreifachen  HorizonUdpeitdeU  zu  Triest,  By  Eduard  Mazellk.  Sitzuitys- 
bericfUe  der  MathemcUitfch-mUunvisHeH^icha/tlichen  ClanHt  der  kaUtrlichtn 
Ahademie  der  Wi9aenHchaften  [Vienna]^  1900,  vol,  cix,y  dtdhtilung  L,pagti* 
527-651  aiid  5  plcUes. 

This  very  exhaustive  memoir,  amply  illustrated  by  plans,  diagrams  of 
<;urve8,  tables  of  results,  etc.,  gives  an  account  of  the  observations  system- 
atically conducted  at  the  Imperial  Observatory  in  Trieste,  by  means  of  the 
Rebeur-Ehlert  horizontal  pendulum,  as  to  the  periodic  oscillations  of  the  soil. 
The  hill  on  which  the  observatory  is  built  consists  of  Flysch  (older  Tertiary) 
marls  and  sandstones,  which  abut  on  the  north-east  upon  the  limestone-plateau 
of  the  Triester  Earst.  The  pendulum  is  borne  by  a  pillar  of  limestone  erected 
on  a  sandstone-and-cement  base  (independent  of  the  floor  of  the  Observatory), 
which  at  a  depth  of  4^  feet  rests  on  the  live  rock  (sandstone).  The  room 
in  which  the  instrument  is  set  up  is  practically  underground,  and  during  a 
period  of  sixteen  months  the  average  variation  of  temperature  from  one  day 
to  the  next  was  only  0*23°  Fahr.,  and  the  diumaj  variation  averaged  0-55° 
Fahr.  This  is  about  ^^^th  of  the  amplitude  of  temperature-variations  ob- 
served at  the  same  time  in  the  outside  atmosphere. 

The  general  conclusions  at  which  the  author  has  arrived  may  be  summarized 
as  follows:  — 

The  observed  oscillation  of  the  pendulum-pillar  during  the  course  of  a 
day  is  expressed  by  an  ellipse,  the  g^eat  axis  of  which  is  directed  east  20° 
north  and  west  20°  south.  The  most  considerable  deviation  to  the  east- 
north-east  occurs  after  4  a.m.,  and  that  towards  the  west-south-west  after 
1  p.m.  The  influence  of  the  meteorological  elements  on  the  periodic  oscilla- 
tion is  betrayed  by  the  observation  that  the  oscillation  is  most  regular  in 
August  (the  month  which  at  Trieste  shows  the  greatest  percentage  of  sun- 
«hiiie,  the  fewest  clouds,  and  the  least  rainfall),  and  most  complicated  in 
January  (the  month  of  least  sunshine  and  greatest  rainfall). 

The  memoir  contains  many  other  interesting  results  and  considerations 
which  cannot  be  dealt  with  in  an  abstract.  It  may  be  pointed  out, 
however,  that  the  observations  bore  on  semi-diurnal  as  well  as  on  diurnal 
oscillations.  L.  L.  B. 


THE  SEISMOLOGICAL  OBSERVATORY  AT  BUDAPEST.  HUNGARY. 
Mitteilniig  iil^er  die  ersfe  Einrichtung  dtr  ErdbehtntrarU  in  Bndapettt.  By  Dr.  Franz 
ScHAFARZiK.  Foldtaui  K6zl6n;iy  1902,  vol,  xxxii.,  pagen  268-269. 
Regular  work  was  begun  at  this  est^iblishment  on  March  1st,  1901,  and 
records  of  observations  are  published  every  two  months.  The  locu»  in  quo 
consists  of  a  basement,  135  feet  away  from  the  street  and  16^  feet  below 
Toad-level,  in  the  new  building  of  the  Royal  Hungarian  Geological  Institute. 
This  is  situated  in  a  quiet  suburban  district. 

As  seismographs,  two  horizontal  Grablovitz-Omori  pendulums,  made 
by  Mr.  Bosch  of  Strasburg,  are  used.  One  is  placed  in  a  north-and-south 
•direction,  and  the  other  at  right  angles  to  it.  The  whole  installation  is 
mounted  on  isolated  stone-pillars,  sunk  in  the  earth  about  as  far  down  as 
the  water-level  of  the  sandy  drift-deposits.  The  normal  temperature  of 
the  basement  is  58^  Fahr. 

With  this  apparatus,  only  shocks  of  some  importance  can  be  registeroi. 
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Plarth-treinors,  such  as  those  caused  by  the  rail way-t rains  which  rattle  past 
half  a  mile  or  so  away,  or  by  batteries  of  artillery  going  along  the  road, 
are  not  recorded  by  it.  The  records  are  traced  automatically  on  bladcened 
paper. 

Disturbances  registered  on  April  19th,  1902,  were  doubtless  aasociated 
with  the  Guatemala  earthquakes;  and  those  recorded  on  July  5th  and 
August  22nd  in  the  same  year  were  similarly  connected  with  aeiamic 
yihenomona  of  which  the  centre  lay  at  Salonika  in  the  first  instance,  and 
Kashgar  in  the  second.  L.  L.  B. 


liNDKRGROUND    SEISMOLOGICAL    OBSERVATORY   AT   PRZIBRAM, 

BOHEMIA. 

Dit  unterirdvicht  Krdhthtntrartt  in  Przihram.  Anon.  CtntraJhlntt  fur  Mintralogiif 
(itologk  uud  PalaoiUologitt  1903,  Xo,  7,  poift  238. 

The  Vienna  Academy  of  Sciences  has  defrayed  the  cost  of  setting  up 
AViechert  pendulum-seismographs  above-  and  below-ground  at  Prxibraro. 
Above-ground,  the  instruments  are  lodged  in  a  small  stone-building,  in 
which  besides  the  seismograph  are  various  electric  batteries,  a  clock,  and  a 
telegraph-apparatus,  to  which  the  exact  time  will  be  sigfnalled  from  the 
Vienna  astronomical  observatory.  Below-ground,  the  seismograph  is  set  up 
in  a  walled  chamber  in  the  Przibram  n:inc,  at  the  depth  of  3,657  feet:  an 
electric  cable  8,528  feet  long  joins  up  the  underground  seismograph  with  that 
above-ground.     VAivh  of  these  two  instruments  weighs  2,645  pounds. 

Among  the  unfavourable  conditions  attending  the  installation  may  be 
nuMitionod  the  continuous  vibration  due  to  the  ore-picking  machinery. 
TluTo  arc  also  unavoidable  variations  of  temperature  which  cause  the  pointers 
to  ostillatc  .slowly,  but  continually.  IngcniouH  corrcctiouH  liave  been  applied 
to  t'liniinatc  thi'sc  disturbing  factors,  and  apparently  with  succesi*.  A  distant 
earthquake  ol  sonic  importance  was  recorded  recently  by  both  instrument:*, 
and  the  records  from  above-  and  below-ground  agreed  in  practically  every 
particular.  L.  L.  B. 

SKlSMOUKilCAL  OHSKHVATORIKS   IN   THK  (iKRMAN    EMPIRE. 

Uffftt  ]'*  rfht  i/mnf,  Hiurichttimj^  uud  Vf  rln'ndniKj  dtr  Knif^lH  ntfationen  ini 
Ihuf'^rhfu  liurh.  lUj  (1.  (JkrlaND.  I*t  tf  rnmiiH'i  Mitthtihuuj*  h,  190'2,  »>'. 
j'lriii.y  /tfnf(s  151 -IGO,  n'lf/i  a  mnp  in  tin  ftxf. 
The  niovi'nient  tor  »'stablishing  on  the  Continent  of  Kurope  u  network  o( 
(>l)servatories  where  earthquake-phenomena  will  be  duly  recorded,  and 
the  results  (»l  scientific  work  properly  co-ordinated,  is  prtK'Cvding  apa^e. 
Much  is  due  to  the  intelligent  interest  which  the  various  governnienta  con- 
lerned  itianitest  in  the  matter,  as  well  as  to  the  perseverance  and  enthusiasni 
of  such  experts  as  th(»  present  author.  His  paper  embodies  the  plans  which 
he  is  drawing  up  for  the  distribution  of  seismolog^ical  observatories  within 
(nrFiian  territory.  1  he  central  station  is  at  Stra^burg  in  Alsace,  and  hf 
|)ro])o-.e>N  eleven  other  main  stations  at  Aix-la-('ha|H'lle,  Karlsruhe.  Darm- 
stadt. Munich.  (Jottingen.  Hamburg,  Leipzig,  Jena,  Breslau,  Konigsbcrf. 
and  Potsdam.  These  localities  are  not  selected  haphazard,  but  after  carefnl 
•  •onsideration  of  the  tectonic  structure  of  the  country,  that  is,  the  main 
lines  ot  faulting  and  folding  of  the  rocks.  In  addition,  twenty-five  station* 
<il    -ec<>nd;iry    iniportanci'    are    suggested,    and    the    author    a^^siTts    that    the 
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uuniber  proposed  will  be  sufficient,  but  not  more  tHan  sufficient,  to  carry 
on  properly  a  seismological  service.  The  most  important  duty  that  will 
fall  to  the  secondary  stations  is  the  collection  of  replies  to  printed  formu- 
laries regarding  time,  duration,  effects,  etc.,  of  earth-tremors.  These 
replies,  when  collected,  will  be  despatched  to  the  nearest  main  station, 
to  which  also  monthly  reports  will  be  sent  concerning  the  observations 
made  with  the  simple  apparatus  in  use  at  the  secondary  stations  (auto- 
matically-recording pendulum,  etc.). 

The  chief  task  incumbent  on  the  main  stations  will  be  the  recording  of 
microseismic  movements  and  of  distant  earthquakes.  The  apparatus  there 
will  consequently  be  of  a  more  complicated  and  costly  description  than  that 
provided  for  the  secondary  stations.  For  instance,  the  Rebeur  horizontal 
I>endulum  and  the  Wiechert  astatic  pendulum  will  be  set  up  in  them. 
iNlonthly  and  yearly  reports  will  be  issued  from  each  main  station  re- 
garding its  own  district;  and  here  it  may  be  observed  that  the  delimita- 
tion of  seismological  districts  according  to  political  boundaries  will  but 
seldoui  fit  in  with  a  delimitation  based  on  scientific  grounds. 

The  Imperial  Central  Station  at  Strasburg  will  furnish  a  conspectus  of 
the  microseismic  phenomena  recorded  throughout  Germany,  and  the  area 
of  propagation  of  every  important  earthquake  will  be  mapped  as  accurately  as 
possible,  the  whole  of  the  information  being  published  yearly  somewhere 
cibout  the  month  of  April.  The  apparatus  from  the  subordinate  stations 
will  be  continually  tested  at  the  central  station,  new  instruments  experi- 
mented with,  and  so  forth.  The  entire  organization  is  under  the  superin- 
tendence of  a  committee,  on  which  sit  two  representatives  of  the  Government. 

Finally,  it  is  proposed  to  establish  iinderground  observatories  in  the 
mines  at  Freiberg,  Zabrze,  and  Klausthal,  to  supplement  the  records 
obtained   from   the   observatories  above-ground. 

The  author  lays  due  stress  on  the  enormous  practical  importance  of  the 
organized  study  of  seismological  phenomena;  for  the  miner,  the  architect, 
the  builder,  and  the  manufacturer,  may  all  find  themselves  called  upon  at 
any  moment   to  deal   with   problems   dependent   on   such    phenomena. 

L.  L.  B. 


A   SEISMOGRAPH   FOR   VIOLENT   EARTHQUAKES. 

Soptu  nn  Sismografo  per  Forti  Ttrremoti.  By  G.  Agamenno>e.  Atti  delta 
Rtale  Accademia  dei  Liiiceif  aerieM  5,  Kendiconti,  1902,  vol.  xi.,  pages 
116-122,  with  a  diagram  in  the  text 

This  new  instrument,  called  by  the  author,  the  macroseismometrograph 
(in  contradistinction  to  the  microseismometrograph)  has  been  devised  to 
record  earthquakes  which  are  of  such  intensity  as  to  render  useless  the 
habitual,  more  sensitive,  recording-instruments.  Its  necessity  was  proved 
by  the  Latian  earthquakes  in  recent  years,  when  all  the  instruments  in  the 
Rocca  di  Papa  Observatory  and  at  the  Seismic  Experimental  Station  in 
Rome  were  thrown  out  of  gear.  The  new  macroseismometrograph  was 
set  up  in  the  Royal  Geodynamical  Observatory  of  Rocca  di  Papa,  in 
September,   1901. 

Premising  that  for  the  proper  study  of  earthquakes  the  vibrations  of 
the  soil  should  be  resolved  into  three  components  at  right  angles  one 
to  the  other  (that  is,  two  horizontal  and  one  vertical),  the  author  describes 
the  construction   of  the  two  small  horizontal  pendulums  which  he  uses  for 
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registering  the  first  two  components.  Their  method  of  suspension  is  renr 
similar  to  that  adopted  in  Ewing's  bracket-seismometer,  and  is  so  contrived 
that  the  most  powerful  shocks  directed  against  the  base  of  the  instrument 
will  not  sensibly  affect  the  due  working  thereof.  The  period  of  a  simple 
oscillation  is  4  seconds,  exactly  as  if  we  were  dealing  with  a  vertical 
pendulum,  52  feet  long.  For  the  registration  of  the  vertical  component, 
the  author  uses  a  heavier  mass  of  lead  (4*4  pounds)  than  the  cylinders 
constituting  the  bobs  of  the  horizontal  pendulums  (3*3  pounds),  the  sus- 
pension from  four  steel-supports  being  also  on  the  Ewing  system.  The  entire 
apparatus  has  been  arranged  with  a  view  to  great  economy  of  space,  and 
the  records  are  automatically  traced  by  the  three  styles  connected  with 
the  respective  pendulums,  on  a  smoked  and  lacquered  paper-roll,  about  !•) 
inches  broad  and  11^  feet  long.  The  author  describes  the  simple  mechanism 
whereby  rapid  and  also  accurate  rotation  of  the  roll  is  secured.  More- 
over, on  the  same  roll,  a  fourth  style,  electrically  set  in  motion  by  a 
chronometer,  marks  off  the  seconds  and  minutes  of  time. 

No  sufficiently  violent  earthquake,  he  remarks,  has  occurred  since 
September,  1901,  at  Rocca  di  Papa,  to  enable  him  to  state  that  the  macro- 
seismometrograph  has  fulfilled  all  his  expectations.  It  is  true  that 
the  new  instrument  was  set  in  motion  on  October  15th  of  that  year,  when 
a  shock  of  considerable  intensity  occurred  in  the  Abruzzi,  and  on  December 
16th,  when  an  earthquake  of  moderate  intensity  took  place  in  Umbria: 
but,  as  might  have  been  expected,  the  styles  on  each  occasion  traced  out 
perfectly  straight  "  curves "  (if  the  anomalous  expression  be  permissiblei. 
This  sufficed  to  show,  however,  that  the  whole  mechanism  works  well.  Be- 
fore setting  up  the  instrument  at  Bocca  di  Papa,  the  author  had  experimented 
on  it  with  as  good  an  imitation  as  he  could  devise  of  seismic  vibrations, 
and  waR  sanguine  from  the  results  thus  obtained  that  it  will  prove  to  In* 
of  great  practical  value.  He  figures  the  artificial  seismogram  obtained 
in  the  course  of  these  preliminary  experiments,  and  takes  occasion  tt» 
point  out  the  neccsHity  for  great   speed  of  revolution   of  the  recording-roll. 

L.  L.  B. 


COAL-OUTmOPS. 
Coal -outcrops.      liy  Charlks  ('ATLi-rrr.      TmnsnctioHs  of  tht    Aiturican    /m^'Z/m'- 
of  Miuiutj  Kiujiufern,  1900,  vol.  xxx.,  jxnjt^M  559  to  566  fntd  1105  to  1109. 

The  writer  draws  attention  to  the  extent  to  which  a  bed  ia  affectod  l»v 
its  outcrop  at  the  surface ;  and  having  examined  a  number  of  op<»nin<:^ 
immediately  at  the  surface,  and  also  a  short  distance  under  cover,  he  giv.  « 
a  number  of  actual  sections  bearing  on  the  subject. 

Whatever  may  have  been  the  original  variations,  it  may  1h»  assuiiud 
that  coal-basins  presented  in  comparatively  modern  times  approximatvly 
parallel  l)eds  interstratified  with  fire-clay,  slate,  sandstone,  etc.  It  i-* 
obvious  that,  along  the  lines  of  actual  outcrop,  the  beds  exist  under 
different  conditions  from  those  ruling  at  some  distance  under  cover  in  the^r 
exposure  to  atmospheric  agencies,  pressure  and  erosion.  The  effe<'t  of  the 
first  is  to  decompose  and  soften  many  of  the  strata;  of  the  second,  when 
exerted  une(|ually.  to  cause  the  movement  of  such  material  as  was  at  all 
plastic  towards  the  point  of  least  pressure;  and  of  the  third,  to  remove  the 
strata  wholly  or  in  piirt.  The  pressure  is  not  as  great  at  or  near  the 
outcrop    as    it    is   some    distance    under   cover,    and    the    tendency   would    W 
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to  increase  the  thicknew  at  the  former  point.  This  is  usually  not  con- 
spicuous, since  the  material  thus  forced  to  the  surface  is  peculiarly  subject 
to  erosion  and  removal,  so  that  the  effect  on  the  level  of  the  various  strata 
is  small,  and  is  often  offset  by  local  conditions.  Yet  it  exists;  and  in 
places  where  the  beds  of  coal  are  underlain  by  thick  beds  of  plastic  fire- 
clay, they  commonly  show  a  dip  from  the  outcrop,  owing  to  the  thickening 
of  the  fire-clay  bed  at  that  point.  Of  the  sections  given,  the  thickness  of 
coal  shows  under  cover  an  averagpe  increase  of  6  per  cent,  in  6  sections, 
and  a  decrease  of  nearly  5  per  cent,  in  7;  while  the  thickness  of  partings 
increases  27  per  cent,  in  5  sections,  and  decreases  30  per  cent,  in  6. 

An  examination  of  the  sections  will  disclose  a  marked  similarity  between 
the  seam  at  the  surface  and  when  opened  a  reasonable  distance  under  a 
solid  top.  The  changes  due  solely  to  the  nearness  of  the  surface  can  be 
recognized  and  allowed  for,  so  that  it  is  possible  to  form  from  the  outcrop 
a  very  nearly  accurate  idea  of  what  may  be  expected  50  or  60  or  75  feet 
under  the  top.  A  very  soft,  sooty  material,  called  "  mother-coal,"  may 
pass,  in  that  distance,  into  a  coherent  but  friable  material,  usually  ex- 
ceedingly pure.  Hard  streaks  in  the  coal  are  emphasized  at  the  surface: 
and  a  material  which  is  coal,  but  is  obviously  high  in  ash,  may  be  found, 
owing  to  the  increase  of  oily  and  volatile  material,  to  become  of  fair 
quality  and  be  classed  as  pure  coal.  A  slaty  material,  which  is  very  black 
and  friable,  will,  as  a  rule,  pass  into  inferior  coal,  and,  when  in  small 
quantities,  would  probably  be  described  as  bony  coal  at  50  feet  from 
the  outcrop.  Hard,  undecomposed  grey  slate,  on  a  well-defined  bed,  may 
be  expected  to  continue  as  such  without  alteration.  A  plastic  slate  or 
fire-clay,  existing  as  part  of  the  coal-bed,  may  usually  be  expected  to  thin 
very  considerably  within  a  short  distance,  as  its  section  is  generally  in- 
creased by  the  reduction  of  pressure  at  the  outcrop.  A.  W.  G. 


THE   THEORY   OF    EROSION    IN    RELATION   TO   METALLIFEROUS 

DEPOSITS. 

Sitr  la  Xotion  de  Profondeur  appliqude  aitx  Oisements  Mitallifire>t  Africaiiift.  By 
L.  Dk  La  UN  ay.  Compte^-remltts  helnlomadairts  den  Stances  de  VAcadimie 
des  Sciences^  1902,  vol.  cxxxiv. ,  pageM  1531-1533. 

The  author  had  previously  expressed  the  opinion  that  the  characteristic 
type  of  metalliferous  deposits  in  a  given  region  might  depend  on  the 
depth  reached  by  erosive  agencies  in  that  region;  or,  in  other  words,  on  the 
depth  at  which  that  portion  of  the  deposits  now  being  mined  lay,  when 
those  deposits  were  formed.  The  depth  to  which  erosion,  reducing  an  area 
more  or  less  to  the  form  of  a  plateau,  has  gone,  bears  some  relation  to 
the  epoch  at  which  the  latest  folding  of  the  area  took  place. 

In  order  to  test  this  hypothesis,  it  is  necessary  to  enter  on  the  com- 
parative study  of  countries  which  have  undergone  folding  at  different 
epochs,  with  the  view  of  showing  that  their  metalliferous  deposits  fulfil 
the  postulated  conditions.  The  author  commenced  with  the  African  con- 
tinent, the  southern  portion  of  which  was  last  folded  in  Carboniferous 
times,  while  the  north-eastern  portion  underwent  folding  as  late  as  Tertiary 
times.  These  two  regions,  in  regard  to  their  metalliferous  deposits,  show 
precisely  the  antithesis  required  by  the   author's  theory. 

The  metalliferous  deposits  of  Algeria  and  Tunisia  are  manifestly  con- 
nected with  the  littoral  volcanic  belt,  and  consist  of  complex  sulphide  veins 
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containing  variable  proportions  of  iron,  copper,  lead,  zinc,  antimony,  and 
mercury.  These  veins  are  very  much  scattered,  crushed,  and  dislocated 
amid  a  chain  of  (geologically)  very  recent  folds.  Copper  and  iron  are 
predominant  near  the  coastal  eruptive  belt,  while  zinc  and  lead  pre- 
dominate  farther  away  from  it.  Erosion  has  not  gone  on  long  enough 
to  plane  down  the  irregularities  of  the  surface,  and  so  the  general  water- 
level  of  the  country  lies  often  at  a  great  depth;  there  is  consequently  very 
active  circulation  of  underground  waters,  and  oxidic  metamorphism  of  the 
various  metallic  sulphides  is  widespread  and  deep-reaching. 

All  other  known  ore-deposits  on  the  African  continent  differ  entirely 
from  tiiose  just  described  as  characteristic  of  its  north-eastern  portion. 
The  '*  filonian  "  or  vein-type,  properly  so  called,  is  conspicuous  by  its  absence, 
and  the  metalliferous  deposits  are  in  the  form  of  lenticles,  pockets,  "  bedded- 
veins,**  or  impregnations.  Besides  h»matite,  magnetite,  iron-pyrites,  we 
have  here  copper  and  nickel-ores,  and  the  characteristic  occurrence  of  gold. 
Erosion  having  cut  down  to  the  old  crystalline  rocks,  the  ores  associated 
with  these  become  accessible,  such  as  tin  and  bismuth  in  the  granites, 
chrome-iron-ore  and  nickel  in  the  peridotites  and  norites.  Mercury  is  absent, 
zinc  and  lead-ores  are  comparatively  scarce.  The  superficial  oxidation  of 
the  ores  extends  very  little  downward.  In  a  word,  nothing  in  the  Sudan, 
the  Congo  Basin,  Katanga,  the  German  protectorates,  Rhodenia.  or  the 
Transvaal,  but  what  shows  diametrically  opposite  characteristics  to  the 
deposits  of  the  newer  portion  of  the  continent  (Algeria,  Tunisia,  etc.). 

L.L.  B. 

THE    ORIGIN    OF    KAOLIN-DEPOSITS. 

/i«ifrd[f*  '.iir  KmntnisM  einiijcr  Kao/in/af/erMfatftH  liy  H.  K()8LER.  Nmf*  Jahrhurh 
J'iir  Miio  nt/oyit^  (i*:olo<ji(  und  Palaontolofj'n ^  190*2,  lUihvji-Iinud  A*  I*. . /*'!;/• » 
231  393,  anil  3  tixt-fijurts. 

This  painstaking  jnonioir  gives,  in  the  lirst  place,  a  most  elaborate  bibli«»- 
graphy  (»!'  the  suhjeet,  comprising  no  less  than  303  entries.  Then  follows 
an  introductory  chapter  dealing  mainly  with  the  chemical  compo«<ition  and 
physical  properties  of  kaolin,  and  the  author  lays  stress  on  the  fact  that 
wherever  the  mineral  occurs  it  is  undoubtedly  a  decompositiou-produ<  t. 
He  tabulates  synoptically  the  changes  in  chemical  constituents  wherchy 
the  fel>pars  (orthoclase,  albite  and  anorthite  resptH'tively)  are  transformed 
into  kaolinite.  Some  writers  believe  that  the  kaolin  of  Passau  in  Bavaria 
is  derived  from  the  decomposition  of  scapolite.  but  the  author  shows  that 
scapolite   cannot    by   any    possibility   give   rise    to   kaolin. 

The  minerals  more  or  less  fr<"iuently  associated  with  kaolin  are  dealt 
with  in  detail,  and  the  author  then  prcneeds  to  describe  a  great  number 
of  deposits  from  Horn  holm  in  the  north  to  Limousin  in  the  south,  and  from 
Bohemia  in  the  east  to  Cornwall  in  the  west.  Those  of  Cornwall  and  the 
Bourbonnais  are,  it  is  well  known,  intimately  asscK'iated  with  the  occurrence 
of  tin-ore;  while  in  Colorado  kaolin-deposits  are  associated  with  galena, 
pyrites,  and  silver-ores,  and  in  New  Mexico  with  tuniuoise-bearing  vein:*. 
In  the  neighbourhood  of  Passau  in  Bavaria,  of  Schwarzbach  and  Krum.iu 
in  Hohemia,  and  also  in  Ceylon,  kaolin  is  associated  with  graphite-depo«its. 
There  are.  of  course,  numerous  examples  of  kaolinized  granites  unaHscH'iate<l 
with  any  other  mineral-<M-currence  of  industrial  interest:  as,  for  instance 
the    kaolin-deposits   around    Karlsbad    (described    at    great    length),    those   of 
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Oberlohma   near   Franzensbad,   those  of  Tirschenreuth   and   Wiesau   in   the 
Upper  Palatinate,  etc. 

The  author  deals  separately  with  kaolinized  aplitic  veins  and  apophyses 
in  crystalline  schists.  He  sees  in  these  undoubted  evidence  that  kaoliniza- 
tion  took  place  through  post-volcanic  changes  within  the  aplite-intnisions 
themselves.  The  most  extensive  occurrences  of  this  type  are  the  deposits  of 
Limousin  in  Central  France.  On  the  other  hand,  the  most  important 
-German  deposits  of  kaolin  occur  among  the  quartz-porphyries  and  associated 
rocks  of  Saxony,  along  an  east-and-west  line  defined  by  the  towns  of 
Meissen,  Mtigeln,  and  Halle.  These  occurrences  are  described  in  some 
•detail. 

Some  attention  is  then  given  to  the  secondary  kaolin-deposits  (or  placers 
as  we  might  call  them)  containing  kaolin  drifted  by  water-transport  from 
its  original  Iocua,  and  forming  kaolin-sandstones,  kaolin-clays,  and  refrac- 
tory clays. 

The  author  points  out  that  weathering  is  not  the  cause  of  kaolinization : 
the  two  processes  are  fundamentally  distinct,  and  their  terminal  products 
cannot  be  confounded  one  with  the  other.  Kaolinization  is  started  in 
quite  a  different  way  from  weathering,  one  proof  among  others  being  that 
semi-kaolinized  rocks,  when  exposed  to  weathering  agencies,  do  not  become 
further  kaolinized,   but   simply  crumble   away  to   fragments. 

He  considers  that  the  agents  of  kaolinization  came  from  below,  in  the 
form  of  vapours  and  hot  solutions,  chief  timong  them  being  fluoric,  boric, 
and  sulphuric  acids.  These  exhalations  and  thermal  waters  probably  acted 
with  far  greater  intensity  than  any  of  those  now  active,  and  no  doubt 
date  back  to  an  epoch  of  great  vulcanicity, — perhaps  to  the  times  immediately 
following  on  the  eruption  of  the  granites  and  quartz-porphyries. 

L.  L.  B. 


THEORY  OF  FORMATION  OF  PETROLEUM. 

Syiitfi^Mt  de  divtr8  PitroltH:  Contrihntion  d  la  Thiarie  de  Formation  den  P&rolen 
ncUnreJM,  By  P.  Savatikr  aiul  J.  B.  Sknderens.  Campteft-renduM 
hehdomadairtH  des  S^anceM  de  F AcadSmie  dej*  ScienceM,  1902,   I'ol,  cacx:cir,. 

By  acting  on  acetylene  with  hydrogen  gas  in  presence  of  a  column  of 
finely-divided  nickel  maintained  at  a  temperature  of  200^  Cent.,  the  authors 
•obtained  in  a  cooled  tube,  a  liquid  possessing  much  the  same  chemical  com- 
position, physical  characters,  and  specific  :g^ravity  as  American  petroleum. 
By  directing  upon  a  similar  column  of  nickel  at  a  similar  temperature  a 
rapid  current  of  acetylene,  the  authors  ultimately  obtained  a  greenish 
liquid  possessing  the  characteristics  of  Caucasian  petroleum.  They  describe 
the  distillates  obtained  by  fractionation,  and  they  point  out  that  inter- 
mediary oils  (between  the  American  and  the  Caucasian)  are  produced,  if  the 
acetylene  before  reaching  incandescence  is  mixed  with  a  given  proportion  of 
hydrogen.  If  hydrogenation,  subject  to  incandescence,  is  carried  on  at  a 
temperature  higher  than  300°  Cent,  oils  possessing  the  characteristics  of 
Galician  petroleum  are  obtained. 

From  these  synthetic  experiments  the  authors  deduce  their  theory  of 
the  formation  of  petroleum  in  nature.  They  suppose  that  in  the  depths  of 
the  earth  are  variously  distributed  in  the  free  state  alkaline  and  earthy- 
alkaline  metals,  as  well  as  the  carbides  of  the  same.  Water  coming  into 
contact  with  the  metals  sets  free  hydrogen,  and  when  it  comes  into  contact 
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with  the  carbides  acetylene  ia  given  oflf.  These  two  gases,  in  varying  pro- 
portions meet  in  the  finely-divided  state  metals  which  are  in  nature  of  verr 
widespread  occurrence,  such  as  nickel,  cobalt,  and  iron.  Thus  the  con- 
ditions of  the  authors'  synthetic  experiments  are  fulfilled,  the  remctions 
which  they  have  reproduced  take  place,  and  the  different  varieties  of 
petroleum  are  formed.  Messrs.  Berthelot  and  Mendelejev  had  already  hinted 
at  this  theory,  which  is  by  no  means  intended  to  be  of  universal  applica- 
tion. Thus  Dr.  Moissan's  idea  that  some  petroleum  is  formed  direct  by  the 
action  of  water  on  metallic  carbides  still  holds  good;  and,  so  too,  much 
petroleum  is  of  animal  or  vegetable  origin. 

But  none  of  the  theories  hitherto  proposed  had  fully  accounted  for  the 
diversity  of  natural  oils.  The  authors  claim  that  this  is  now  satisfactorily 
accomplished,  their  syntheses  being  especially  helpful  in  throwing  light  on 
the  genesis   of  Caucasian   petroleum.  L.  L.  B. 


THE   ORIGIN    OF   PETROLEUM. 

Tht  Oritfin  of  Petroleum,  By  Julius  Ohlv,  Ph.D.  Minen  and  MintrnJ^,  1902, 
iH)l.  xj  a. ,  ^KnjeH  582-533. 

The  theory  that  petroleum  has  been  derived  from  the  decomposition  of 
vegetable  matter  has  been  widely,  if  not  generally  accepted,  but  the  author 
rejects  it  for  very  cogent  reasons.  Petroleum  has  been  found  in  strata 
where  the  vegetable  matter  could  not  have  been  forthcoming  in  sufficient 
quantity,  whilst  by  referring  it  to  the  Carboniferous  age,  we  get  the 
necessary  organic  debris,  but  fail  to  find  that  the  necessary  heat  was  to 
be  had.  The  author  falls  back  on  the  theory  that  the  oil  has  been  produced 
from  carbonacoourt  metallic  compounds,  and  thinks  that  this  view  will  ^* 
generally  adopted  in  the  future. 

Explaining  this  theory,  he  remarks  that  elements  of  lower  atomic  weights, 
such  as  carbon,  calcium,  iron,  etc.,  predominate  in  nature.  Carbon  and  iron 
especially  are  amongst  the  most  widely  diffused  elements,  they  are  most 
difficultly  fusible,  and  hence  most  easily  condensed.  They  must  have  been 
the  first  >)()dies  to  liquefy  during  the  incandescent  stage  of  the  earth's 
development.  While  the  terrestrial  temperature  was  yet  a  temp<»rature 
of  dissociation  tor  most  bodies,  the  liquid  iron  and  carbon,  by  reason  ot 
their  affinity  and  the  high  degree  of  heat,  presumably  combined  with  each 
other  at  that  remote  geological  period.  As  the  earth  cooled,  these  large 
quantities  of  carbonized  iron  in  the  liquid  state  were  brought  into  contact 
with  stcaMi.  and  gaseous  hydrm-arhtms  were  formed.  Tliese  rose  by  crevier.. 
and  fissures  to  the  overlying  strata,  were  ccmdensed  accordingly,  and  meet- 
ing the  water  percolating  the  earth,  were  carried  by  their  inferior  gravities 
to  the  upjx'r  strata,  and,  in  some  cases,  to  the  surface,  where  by  oxidation 
they  gave  rise  t<i  the  torniation  of  bituminous  shale,  oil-sand,  ^isphalt.  oio- 
kerite.  and  similar  hodirs,  while  the  uncondensahh'  part  escaped  as  gas.  It 
appears  plausible  to  assume  that  the  same  prcH'ess  is  still  progressing  in  the 
earths  int<'rior.  or  otherwise  the  inexhaustible  productivity  of  the  oil-basin^ 
l)ecomcs    inexplicable. 

The  crude  |)<»troleum  thus  produced  consists  of  a  mixture  of  hydn»- 
carbons.  the  paraffin  series  prevailing  as  a  rule,  the  carbon  and  hydn»gon 
percentages  approaching  the  figures  H.")  and  15.  Of  these  hydrocarbtms.  the 
irenibers  of  the  paraffin  series,  from  methane  down  to  pentadecane,  have  l)oon 
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isolated.  Methane  is  usually  met  with  on  boring  for  oil,  and  is  exhaled 
from  Ihe  gas-wells  of  Pittsburg,  while  ethane,  the  second  member  of  the 
series  of  the  formula  C  H  ,  constitutes  the  gas  of  the  Delameter  gas-well 
in  that  city.  The  gas  escaping  at  Baku  is  of  the  same  nature,  being 
methane,  while  pentane  (C_H  ),  the  fifth  member  of  the  series,  prevails 
in  the  distillation  product  of  petroleum,  known  as  gasoline. 

When  steam  is  conducted  over  heated  cast-iron  filings,  containing  carbon, 
a  number  of  hydrocarbons  are  produced  besides  oxides  of  iron.  The  chemical 
equation    for    this    reaction    is     3Fe^C    -h  4    H-0  =  mFe,0,   +  C,„H^. 

*  mnniS  3       43n      am* 

In  this  manner  then  the  hydrocarbon  C  H  ,  or  propane,  the  third  member  of 
the  series  mentioned,  is  produced  among  a  number  of  other  higher  hydro- 
carbons. This  compound  is  a  colourless  gas  known  to  occur  in  crude 
petroleum,  an  observation  which  agrees  with  the  researches  made  into 
the  nature  and  composition  of  Pennsylvanian  oils.  Other  carbides,  as 
calcium,  for  instance,  give  rise  to  the  formation  of  the  first  member  of  the 
acetylene  series,  C  H  ,  giving  further  support  to  the  theory  of  mineral 
origin.  The  equation  for  the  formation  of  acetylene  gas  is: — CaC  + 
H20  =  C2H^  +  CaO;  and  Ca0  +  H20  =  Ca(0H)2.  No  objection  can  he 
made  as  to  the  probability  of  this  decomposition-process  having  occurred, 
and  most  likely  pursued  its  course  in  the  interior  folds  of  the  earth's 
structure.  Moreover,  acetylene  polymerizes  at  a  low  red  heat  to  benzine 
(C  H  )  if  its  vapours  be  conducted  through  red-hot  tubes,  so  that  its  forma^ 
tion  under  the  pressure  and  heat  existing  in  ancient  strata  becomes  quite 
probable.  Besides,  the  presence  of  hexahydrides  of  beuzcne,  toluene,  xylene, 
and  pseudo-cumene  in  most  natural  hydrocarbons  has  been  proved.  If 
to  these  observations  be  added  the  fact  that  naphthaline  is  produced,  together 
with  benzine  and  styrene,  by  passing  vapours  of  methane  through  heated 
tubes,  the  complexity  of  the  natural  product  issuing  from  the  oil-wells 
becomes  better  understood. 

Admitting  then  that  the  conditions  prevailing  in  those  ancient  geologrical 
zones  were  and  are  favourable  for  the  production  of  petroleum,  and  that 
the  temperature  required  for  its  generation,  and  the  pressure  which 
materially  facilitates  its  formation  cannot  be  met  with  in  other  strata  of  the 
earth,  the  general  acceptance  of  the  mineral  theory  appears  probable.  Any 
phenomenon  occurring  when  prospecting  for  petroleum,  like  the  escape  of 
large  quantities  of  ga«  exhibiting  the  character  of  methane,  can  be  readily 
explained  and  understood  by  the  above  principles.  It  becomes  evident,  that 
in  the  great  geological  changes,  which  have  given  rise  to  the  creation  and 
separation  of  petroleum,  the  whole  series  of  homologous  hydrocarbons  has 
been  produced,  from  methane  up  to  the  highest  paraffins.  As  to  naphthenes, 
which  closely  resemble  the  paraffins,  their  occurrence  in  American  petroleum 
has  not  as  yet  been  observed,  though  their  presence  in  the  Russian  oils  has 
been  proved.  X.  Y.  Z. 


PETROLEUM  IN  THE  LAST  CENTURY. 

Ueber  Ertlol  im  19  ten  Jahrhundert.     By  Josef  Muck.     Bery-  und  HiitteiimdnnischeH 

Jahrhtick  der  k.  k.    Bergakademitn  zu  Leohen  und  P^ribranif  1902,   vol,  /., 

poijeji  1 17-148. 

In  this  not  too  lengthy  paper,   the  author  satisfactorily  carries  out  his 

intention  of  giving  within  a  small  compass  a  general  view  of  the  present 

condition  of  the  petroleum-industry  all  over  the  world.       A  brief  historical 
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introduction  is  followed  by  a  tabular  Bynopeis  of  the  districts  and  tke 
geological  formations  in  which  petroleum  is  known  to  occur;  and  it  may 
well  be  said  that  the  countries  where  the  oil  does  not  occur  are  few.  Dia- 
grams and  tables  are  given  showing  the  increase  in  the  world's  output 
from  1859  to  1900,  the  United  States  and  Bussia  so  far  overtopping  all 
other  producers  that  any  attempt  at  comparison  with  these  appears  ludicrous. 
It  may  be  noted,  however,  that  the  province  of  Eshigo,  in  Japan,  supplieii 
80  per  cent,  of  the  amount  of  petroleum  consumed  in  that  empire,  and 
that  Sumatra  and  the  neighbouring  islands  are  coming  rapidly  to  the  fore  us 
producers. 

The  origin  of  petroleum  is  discussed  at  some  length,  and  the  author 
inclines  to  the  belief  that  it  is  mostly  the  result  of  the  slow  distillation  of 
animal-remains,  especially  fishes — swept  perhaps  by  currents  into  such 
supersaline  gulfs  as  that  of  Earabugas,  killed  there  en  ftuntAe,  and  buried 
beneath  sandy  and  clayey  deposits.  He  points  out  how  precisely  those 
geologfical  formations  where  petroleum  is  most  abundant  supply  evidence 
in  support  of  this   hypothesis. 

Petroleum-refuse,  massut  as  it  is  called  at  Baku,  forms  now  the  principal 
fuel  in  use  on  the  southern  Russian  railways,  on  the  Caspian  and  Black 
Sea  steamers,  etc.,  and  seems  destined  ultimately  to  monopolize  for  a 
time  the  place  hitherto  held  by  coal  in  the  navies  of  the  world.  Its  u»e 
would  nearly  double  the  radius  of  action  of  a  man-of-war,  not  to  speak 
of  other  advantages  which  are  dwelt  on  by  the  author. 

The  statistics  of  190()  from  Baku  and  North  America  concur  in  showing 
that,  as  the  number  of  oil-wells  increases,  the  output  per  well  decrfa«e« 
proportionally.  So  too  the  depths  at  which  the  oil  must  be  sought  in- 
(•reasc.  The  word  *'  inexhaustible,*'  so  freely  and  frequently  used.  i» 
therefore  hardly  applicable,  oven  to  theso  great  oil-fields.  L.  L.  B. 


THE    GEOLOGY    OF    GRAPHITE. 

/jd  (ivoliKji*-  (ii(  (''rtiphife.      liy  L.  DE  Launay.     AnuaJt^M  des  MhifM^  1903,  ^*en>4»  10. 
v(J.  iif.j  jHnft^M  50-86,  irifh  1  jitjurtH  in  the  text. 

The  author  adopts  the  etlcH'tic  view  that  the  various  forms  of  n)iu('r.tl 
<'arb<)n  wliich  occur  in  nature  may  in  some  cases  be  of  inorganic,  in  othtr* 
of  organic,  origin:  and  further,  Ihat  in  yet  other  cases  their  origin  i* 
complex.  The  work  carried  out  by  various  distinguished  chemists  dunne 
the  last  40  years  sIiowh  that  there  are  in  reality  several  forms  of  graphite, 
(lifforins;^  in  chemical  properties  and  in  the  mode  and  temperature  •>! 
format  inn. 

A  brief  description,  compiled  from  various  well-known  sources,  i^  givtn 
of  the  jjraphite-depositH  of  Siberia  (now  abaud(med),  (Vylon,  Bavaria. 
Hoheniia.  Styria  and  the  Alps;  and  the  industrial  side  of  the  question  i* 
relegated  to  an  elaborate  footnote,  wherein  the  graphite-production  of 
Austria  duriuir  1901  is  stated  at  .'U.OOO  tons,  of  Italy  10,3()0  tons,  of  Bavaru 
<).()00  tons,  of  the  I'nited  States  2.r>(K)  tons,  and  Canada  1.70C)  tons.  That  of 
Ceylon   is  not   stated. 

The    Sibt'rian    jrraphite,    which    occurs    in    nest^    and    irregular    ma«iM^^    in 
nepheline-^yenitc.   is  reo^ardcd  by  the  author  as  of  deep-seated  and  inor^an- 
origiii.      He   a]i)«ars   to   agree   generally    with    Mr.    E.    Weinschenk    that    the 
<'eylon  grajhitc  ;iss<Kiated  with  pranulites.  garnetiferous  gneisses,  pyroxenite*. 
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«tc.,  is  also  of  deep-seated  and  inorganic  origin;  but  he  regards  Mr.  E.  Wein- 
schenk's  assimilation  of  the  origin  of  the  Bavarian  and  Bohemian  graphite 
to  that  of  Ceylon  as  problematical,  to  say  the  least.  In  fact,  he  points  out 
how  it  is  quite  possible  that  the  entire  series  of  rocks,  in  which  the  graphite 
occurs  in  the  two  last-named  countries,  is  a  metamorphosed  succession 
of  scdimentaries. 

The  author  feels  no  doubt  whatever  that  most  of  the  Alpine  graphite- 
deposits  are  of  organic  origin,  and  he  notes  that  in  Liguria  the  graphite 
is  associated  with  anthracite. 

We  have,  then,  in  some  cases  to  deal  with  gpraphites  formed  by  the 
crystallization  of  carbon  in  molten  magmas  or  sublimed  from  fumarolles 
amid  acidic  rocks  and  quartzes;  and  in  other  cases  with  graphites  derived 
from  the  baking  (by  regional  metamorphism  or  otherwise)  of  deposits  of 
organic  carbon.  L.  L.  B. 


THE  AURIFEROUS   DEPOSITS    OP   ROUDNY,   BOHEMIA. 
l>aM  Goldrorkommen  roji  Roudny  in  Bohmen.      By  P.   Krusch.      Ztitschrift  d^r 
Dtulsche.n  (jeologischen  O^MeilscJia/t,  1902,  I'o/.  liv.,  Pi'otokolfe.,  pages  58-62, 
tcith  a  plan  in  the  text. 

The  author  claims  that  his  is  the  first  description,  from  the  scientific 
point  of  view,  of  these  deposits,  which  lie  about  37  miles  south-south- 
west of  Prague,  and  some  9^  miles  east  of  Wotitz  (a  station  on  the  Franz 
Josef  Railway).  They  were  worked  from  the  fourteenth  century  onward 
until  1804,  and  have  been  recently  opened  up  again  after  a  lapse  of  well 
nigh  a  century.       The  old   waste-heaps   are  about  100  feet  high. 

The  district  is  reckoned  to  belong  to  the  primeval-gneiss  region  of 
Bohemia;  but  the  author  found  that  the  country-rock  is  really  a  granite, 
which  in  places  assumes  a  g^eissose  structure.  Or  perhaps  it  would  be 
better  to  say  that  we  are  dealing  with  three  main  varieties  of  rock: — (1)  A 
normal  g^ey  biotite-g^anite,  (2)  a  crushed,  plicated  g^eissose  granite,  and 
(3)  amphibolite  or  hornblende-rock,  all  three  being  traversed  by  dykes  of 
haplite.  A  system  of  east-and-west  fissures  strikes  through  these  rocks, 
usually  dipping  steeply  northward;  the  fissures  are  only  a  very  few  inches 
wide,  and  are  infilled  with  quartz  and  auriferous  pyrites.  There  is  usually 
an  impregnation-zone  extending  into  the  country-rock,  which  is  more  or 
less  altered  thereby.  As  a  rule  the  gold  is  combined  with  the  pyrites, 
but  it  occurs  also  native  (in  an  extremely  fine  state  of  division)  in  the 
quartz,  or  in  the  form  of  flakes  or  crystals  on  the  walls  of  cracks  within  the 
quartz  and  pyrites.  The  proportion  of  gold  varies  from  nil  to  1  part 
per  10,000  of  the  vein-stuff.  The  thinnest  fissures  are  richest,  and  the 
more  finely-crystalline  pyrites  is  richer  in  gold  than  the  coarsely  crystalline. 

There  appears  to  be  little  doubt  that  the  deposits  originated  in  the  up- 
ward percolation  of  thermal  waters  carrying  pyritous  and  auriferous  particles 
in  solution.  These  decomposed  the  granite  in  the  neighbourhood  of  the 
fissures,  and  the  reactions  thus  set  up  caused  a  precipitation  of  gold- 
bearing  pyrites  and  gold-bearing  quartz.  The  hornblende-rock  resisted 
the  decomposing  action  of  the  thermal  waters  more  obstinately  than  the 
granite,  with  the  result  that  it  now  contains  practically  no  gold.  It  is 
evident  that  these  processes  took  place  before  the  intrusion  of  the 
baplite-dykes,  and  before  the  system  of  transverse,  north-and-south.  barren 
fissures  began  to  form.  L.  L.  B. 

VOL.  LIII.-l90a.l008.  ^ 
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THE  COBRELATION  OF  THE  BOHEMIAN  COAL-MEASURES. 

GeoiogUche  BcobachHmgen  im  Kiadno-Schfaner  Steinkohlenhecken,  By  Dr.  K.  Astok 
Weithofer.  Verhandlungen  der  katHerlich-kdniglichen  geotogu*cheH  Rfifk^ 
anMtaft,  1901,  pages  336-338. 

The  author  has  ascertained,  beyond  a  shadow  of  doubt,  that  th*  strata 
in  the  Eladno-Schlan  coal-field,  in  Central  Bohemia,  are  dirMble  into 
precisely  the  same  groups  and  follow  the  same  sequence  at  those  in  the 
neighbouring  Pilsen  coal-field.  The  Eladno  main  seam,  23  feet  thick,  at  the 
base  of  the  lowest  division,  which  consists  of  a  complex  of  grey  sandstones, 
with  here  and  there  conglomerates  and  dark  shale*,  1,000  feet  in  thick- 
ness, corresponds  to  the  Farewell  (Radnitz)  seam  of  the  Pilsen  basin.  Abore 
the  grey  sandstones  in  both  areas  comes  the  Red  Shale  group,  at  least  500 
feet  thick.  The  Roof  or  Schlan  seam  probably  belongs  to  the  Grey 
Shale  group,  for  the  Red  Rocks  prove  everywhere  to  be  barren,  and  they  are 
not  met  with  in  the  shafts  which  have  struck  the  coal.  Farther  west, 
the  Schlan  seam  becomes  known  as  the  Kounova  seam,  and  is  evidently 
identical  with  the  seam  which  occurs  at  the  base  of  the  Grey  Shale  group 
of  the  Pilsen  coal-field. 

In  conclusion,  it  is  pointed  out  that  the  SUgocephaXwhivMUdk  described  by 
Prof.  Frit»ch  from  the  Bohemian  coal-bearing  areas  is  not  of  Permian, 
but  of  Upper  Carboniferous  age.  L.  L.  6. 


GEOLOGY  OF  THE  KLADNO-RAKONITZ  COAL-BASIN.  BOHFJtfU. 
GeoiogiMchf  Skizzt  den  Kladno- Rakonitzfr  Kohhnhecktm.     By  Dr.  K.  A.  Wkithofir. 
VfrhmuUmigfn  dtr  kniMfrfirh-honigh'rhfJi    geofogUcheii    RrirhManf*((Ut,    1902, 
;yif/f/<  399-420. 

The  lowest  group  of  the  Coal-measure  scries  in  this  field  consists  mainh 
of  grey  grits,  often  coarsening  into  conglomerates,  and  characterized  near 
their  base  by  the  occurrence  of  coal-seams  homologous  with  the  lowest  scain« 
of  the  Pilsen  coal-fiold,  among  them  being  the  Kladno  Main  seam.  These 
"  Grey  SandstoneH  "  or  "  Pilsen-Kladno  "  beds  reach  a  maximum  thickness  of 
1,300  feet   and   a   maximum   breadth  of  outcrop  of  2  miles. 

Next  above  these  conic  the  Lower  Red  SlialcB  or  Teinitzl  beds.  800  feet  or 
so  thick  at  most,  which  in  turn  are  overlain  by  tho  Dark  Grey  Shales  or 
Schlan  >K»ds.  'Jhe  last-named  are  thought  to  exceed  650  feet  in  thickness, 
and  they  rontain  the  top  seam  of  the  coal-field,  called  also  the  Si^hlan  siuir. 
after  that   lo<ality. 

Satisfactory  evidence  has  now  accunnilated  of  the  existence*,  above  tho 
forej^oiiii;^  groups,  of  the  I'ppcr  Red  Shales  or  Lihn  beds,  which  an*  to  1«* 
correlated  with  the  eijuivalent  >)arren  group  in  the  Pilsen  coal-field. 

The  author  draws  attention  to  the  remarkable  parallelism  of  the  suew*- 
sion  of  alternating  jjrey  (and  coal-l>earing>  and  red  (and  barren^  gnni^w  in 
Hoheniia.  Silesia,  Sax«)iiy,  Moravia,  and  the  Saare  hasin.  llio  vant  an.i 
over  whi<'li  the  uppermost  Carboniferous  and  the  succc»cding  IVrmian 
depo<^its  are  hm'u  to  present  the  same  characters,  is  indeed  striking.  Wh.i* 
may  be  <alled  the  key-zone,  on  account  of  its  persistent  recum»nce  at  th«* 
same  horizon  riijlit  away  from  Silesia  into  Lorraine,  is  tho  felspathic  nrk«»-»i» 
belonjjinif  to  th«»  Middle  Ottweiler  beds  and  containing  remains  oi 
conifers  {.\rniirarif"<).  The  source  of  its  materials  appears  to  have  Ivtn 
the  jjranile-and-i^neiss  massif  of  noheniia.  and  it   was  possibly  fonred  untl-r 
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desert-conditions,  certainly  not  under  the  climatic  conditions  usually  postu- 
lated in  regard  to  the  Coal-measures.  A  curious  point,  moreoyer,  is  that 
remains  of  aquatic  organisms  are  so  far  unfindable  in  the  rocks  described  in 
this  paper,  except  in  immediate  association  with  the  coal-seams.  Whence 
the  author  marches  to  the  still  bolder  conclusion  that  practically  the  whole 
of  this  red  and  grey  Coal-measure  series  represents  SBolian  deposits  formed 
in  a  vast  region  of  steppes.  Much  detailed  evidence  is  adduced  in  support 
of  this  contention. 

The  paper  does  not  profess  to  deal  with  the  mining  industry  of  the 
Kladno-Bakonitz  area,  but  in  many  cases  the  author  mentions  mines  as 
being  no  longer  worked.  L.  L.  B. 


THE  STRATIGRAPHY   OF  THE  CENTRAL  BOHEMIAN  COAL-BASINS. 

Zur  KeiintuM  der  geofoginchen  VerhaltnisHe  (Ur  Mitt^hokmischen  Steinkohleiibecken, 
By  CvRiLL  RiTTER  VON  PuRKYN?..  Vtrhandlungen  der  kaMerlich-kdnig- 
lichen  geofogischeii  Reichmv Malty  1902,  pageM  122-125. 

llie  strata  in  the  Pilsen  coal-field,  especially  in  that  portion  of  it  which 
lies  south  of  the  Mies  river,  are  disturbed  by  a  deep  trough-like  depression 
running  nearly  due  north  and  south,  and  attaining  in  its  central  portion  depths 
of  2,0(X)  to  2,600  feet,  but  shallowing  in  a  step-like  fashion  eastward  and  west- 
ward. Dr.  Weithofer,  who  was  the  first  to  describe  this,  also  drew  atten- 
tion to  the  repetition  of  two  groups  of  barren  Red  Measures  respectively  over- 
lying the  two  groups  of  productive  Grey  Measures.  This  sequence  is  again 
proved  by  the  deep  boring  lately  put  down  north  of  Liehn,  which  gave  a 
greater  thickness  for  the  Pilsen  Coal-measures  than  any  yet  known  in  that 
area.  From  above  downward  wo  have:  600  feet  of  red  and  mottled  marls 
and  sandstones;  590  feet  of  grey  marl-slates  and  grey  and  white  sandstones 
(arkoses),  with  one  seam  and  other  traces  of  coal;  170  feet  of  red  and  mottled 
marl-slates  and  arkoses;  1,380  feet  of  g^ey  and  white  arkoses  and  grey  clay- 
slates,  with  nine  coal-seams  in  the  lowest  portion;  these  are  underlain  by 
Hnronian  slates,  at  a  depth  of  about  2,640  feet  from  the  surface.  The 
same  section  is  shown  by  nearly  all  the  other  deep  borings  in  the  coal-field, 
and  as  the  basin  gradually  shallows  eastward  and  westward,  the  topmost 
g^up  of  strata  and  then  successively  the  others  disappear.  So  it  is  that  the 
coal-shafts  at  Nyran  and  Mantau  in  the  west,  equally  with  those  at  Sulkov 
and  Lititz  in  the  south-east,  only  go  through  the  lowest  group  of  Coal- 
measures.  So  too  did  it  come  about  that  mining-engineers  in  the  'seventies 
and  'eighties  confused  the  lower  with  the  upper  barren  Red  Measures,  re- 
garding them  as  one-and-the-same  group. 

After  discussing  certain  stratigraphical  points  in  some  detail,  the  author 
recommends  the  following  nomenclature  as  applicable  to  both  the  Kladno- 
Schlan  and  the  Pilsen  coal-basins: — (1)  NyFan-Radnitz  Series,  comprising 
both  the  lower  groups;  and  (2)  Kounowa  Series,  comprising  the  two  upper 
grroups.  L.  L.  B. 

COAL   IN    DIABASE   AT    RADOTIN.    BOHEMIA. 

(I)  DoM  Vorkommen  von  Kohle  im  Diabas  von  Rcuiotin,      By  Dr.  W.  Petrascheck. 
Vtrhandlungen  der  kaUerlich-kSnigliche.n    geotoginchen    ReichsanMait^    1902, 
pageA  55-57. 
In  the  Radotin  Valley,  south-west  of  Prag^ue,  is  a  sill  of  diabase  inter- 
calated among  the  Lower  Silurian  graptolithic  shales,   and   containing  an- 
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thracitio  coal.  Many  observers,  during  the  last  thirty  years  or  so.  have 
attempted  to  account  for  this  occurrence;  and,  after  a  brief  criticism  of 
their  explanations,  the  author  points  out  that  the  coal  is,  chemically  and 
physically  undoubtedly  an  anthracite;  that  there  are  inclusions  of  it.  as 
as  big  as  a  man's  head,  within  the  diabase,  surrounded  by  a  layer  of  highlj 
decomposed  diabase;  that  similar  coal  occurs  in  the  calcific  fissure-veiu 
which  traverse  the  igneous  rock;  that  the  coal  is  evidently  of  later  origia 
than  the  zeolites  and  calcite  with  which  it  is  associated;  that  carbon  in 
the  shape  of  bitumen  was  brought  by  moans  of  percolating  waters  fr(»m  the 
overlying  (highly  fossilifcrous  and  bituminous)  shales  into  the  fissures  of  the 
diabase;  and  that  this  precipitated  carbon  was  gradually  metamorphosed 
into  anthracite.  Similar  occurrences  of  coal  within  igneous  masiies  are 
recorded  from  other  localities  in  Bohemia,  and  the  author  agrees  with  Dr. 
Katzer  in  assigning  them  to  the  same  cause  as  that  just  explained. 

L.  L.  B. 

^2)  Znr  Frfuje  (l*r  Kohle  im  Dinitax  twt  Rcuiotin.     By  F.  Slavik.      Vtrhauflhtntf^n 
thrhiixfrlich-kouitjJirheu  ijtrJotjiHchf.n  Reirh^nitAtalt,  1902,  patj^j*  194-196. 

There  has  been  of  late  some  controversy  regarding  the  genesis  of  the 
[Silurian?]  anthracites  of  Central  Bohemia.  Some  of  these  have  >)een  found 
completely  included  within  masses  of  eruptive  diabase  at  various  localitiei 
besides  that  mentioned  in  the  title  of  this  paper  Hodkovi^y,  fteporeje. 
Zabehlic,  etc.). 

Various  writers  have  held  that  these  anthracites  arc  the  fragmentary 
remains  of  true  Coal-measures  which  have  been  utterly  swept  away  by 
subsequent  denudation.  Dr.  Petrascheck,  on  the  other  hand,  regards  them 
as  derived  from  the  bituminous  and  highly  fossilifcrous  ITpper  Silurian 
limestones;  but  the  present  author  will  only  admit  this  to  Ik*  undoubtediv 
true  of  such  anthracitic  coals  as  occur  encrusted  with  calcspar  as  infiilinfrf 
of  fissures  in  the  limestoncH.  He  points  out  the  probability  that  the  coal 
■enclosed  in  the  eruptive  nnks  of  Badotin  and  other  Imalities  va?*  br.»u|fht 
along  by  the  molten  masH  as  it  tore  its  way  up  through  the  Silurian  and 
pre-Cambrian  Hcdinientaries.  In  later  times,  in  cases  where  the  diabase  wai 
jiubjected  to  the  decomposing  action  of  weathering  agencies,  the  rarbi»nait'ou«« 
particles  would  tend  to  concentrate  in  certain  fiKsures.  of  which  they  wonld 
form   the  infilling,   together   with   such   minerals   as   calcite   and   ztHilite. 

L.  L.  B. 


Tin:   in{()\vN.('o.\L  DKrosiTs   of  nobthebn   bohkmia. 

U'l'*r   (lit    iMtjt  rnmj.<.    uml   A/f*  r^n  rh/iffnisst    tiunj*,-  iilit,hr  th  r  XontU^hnu^rh^v 

Hmuuhthh  nnJJfuj'  nimjni.        /i,/    A.     K.     HlBS<'ll.       Jnhrhu.h    ti*  r    ^lls.  n'lrA- 

hhu'ii/irhni  t/tt^o'fitrhni  R»  irh^nn^fa/f,  1901,  iv*/.  //.,  /k/j/#  s  87-92. 

As  far  aH  the  Teplitz  coal-fi<«ld   i-*   ctmcenied.   at  all  eventH,   the  author's 

recent   researches   have  convinced   him   that    Prof.   (\    V.    Naumann  -   view  oi 

the    aero    of    the    l)rn\vn-<oal    dep(»sits.    published    in    ISfiti.    but    since    then 

^eni-rallv  disput«'d,   is  alter  all  cornvt.     That    is.   the  brown   coals,   whether 

ass«Hiated   with   the  i-niptive   basalts  and   tulTs.  .,r  with   the  clays  and   -vinds 

<ontainin>r    <iuart/ite-ci.n<retions    below    them,    belong    to    one^ind-the-aarae 

geolojrical  peri..d.  the  T'ppT  Olijjmene  and  not  to  the  Mio(H»ne.     De  tabulates 

the   rnck-sucie^Hinii   as  tollowR  (in   dewvndinjT  orders-- 
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Period*. 


Lower  Miocene. 


I 


Upper  Oligocene. 


Within  the  volcanic  Area  of  the 
Mittelgebirge. 


Latest  eruptive  rocks. 
Fresh-water    limestone     of 
Kostenblatt. 


Middle  Oligocene. 


Eruptives  and  accompanying 

tuffs. 
Tuiiite,    clays,   combustible 

shales. 
Brown  coal-seam  of  Lukowitz, 

etc. 
Diatomaceous  shales,  tuffite. 


Clays,  sands,  and  sandstones, 
quartzite-blocks. 


In  the  Coal-bMin  w««t  and  north 
of  the  Tolcanic  Mittelgebirge. 


Fresh-water    limestone   of 
Tuchorschitz,  etc. 


Fire-clays  of  Preschen 
combustible  coaly  shales. 

Roof-beds  (clays,  shales, 
and  sands). 

Brown  coal-seam. 

Floor  (mottled  clays,  in 
part). 


Mottled  clays,  in  part. 
Sands,     sandstones,      and 
quartzite-blocks. 


Upper  Turonian. 


Marl  with  Inoctramus  Cuvieri,  Sow. 


The  so-called  "  brown  coal-seam "  is  really  split  by  thin  partings  into 
several  seams,  but  the  partings  represent  a  very  insignificant  thickness  in 
comparison  with  the  enormous  mass  of  the  coal.  Most  of  the  few  fossils  found 
in  it  are  plant-remains,  but  the  Preschen  fire-clays  (from  200  to  500  feet 
above  the  coal)  are  rich  in  characteristic  fossils.  The  brown  coal  is  often, 
broken  through  not  only  by  basalts,  but  also  by  phonolites  and  trachytes. 
and  at  those  points  is  of  course  considerably  altered.  L.  L.  B. 


NICKEL-ORE    DEPOSITS    ON    THE    SAXON-BOHEMIAN    FRONTIER. 

Uebtr  tine,  neue  Nickderzlajgerstaitt  in  Scichittn.  By  Db.  R.  Beck.  ZeiUchr\ftjur 
pruktiacht  Oeologie,  1902,  vol.  x,,  pages  41-43. 

In  the  first  place,  the  author  recalls  his  recent  description  of  the  nickel- 
ore  which  occurs  along  the  salband  of  a  diabase-dyke  at  Schweidrich  in 
North-eastern  Bohemia,  and  then  states  that  towards  the  end  of  1900,  a 
similar  occurrence  was  reported  from  Aeusserstmittelsohland,  south  of  Schir- 
giswalde,  exactly  astride  of  the  boundary  between  Saxony  and  Bohemia. 

Geologically,  the  region  is  defined  as  that  of  the  Lausitz  granite,  the 
vast  mass  of  which  is  seamed  by  numerous  diabase-dykes.  The  vertical 
section  shown  by  a  trial-shaft  put  down  in  the  Sohland  valley,  is,  in  descend- 
ing order,  as  follows: — Granite-rubble  10  feet;  and  ferruginous  gossan 
passing  downward  into  diabasic  rock  impregnated  with  sulphidic  ores,  24 
to  26  feet.  Two  trial-headings,  7  feet  long,  have  been  driven  eastward  and 
westward  from  the  shaft-bottom  and  are  completely  within  the  ore-body. 

The  gossan  consists  chiefly  of  brown  iron-ore,  with  irregular  masses  of 
black  coppei^ore  and  light-green  strings  of  malachite,  disseminated  among 
the  debris  of  decomposed  diabase. 

Lower     down,     come     the     copper-pyrites     and     nickeliferous     magnetic 
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pyrites,  very  irregularly  impregnated  the  diabasic  rock:  sometimes,  how- 
ever, they  form  fairly-large  separate  agg^gates.  The  author  mw, 
for  instance,  quite  pure  magnetic  pyrites  in  nodules  as  big  as  a  man's 
fist.  The  percentage  of  nickel  is  considerable,  quite  sufficient  at  all 
events  to  justify  methodical  working  of  the  deposit.  Actual  analyses  of 
the  ore  are,  however,  at  present  withheld  from  publication.  The  ore- 
bearing  rock  is  a  variety  new  to  Saxony,  and  is  described  as  a  homblende- 
olivine  diabase,  rich  in  spinel  and  biotite,  and  of  gabbro-like  habit.  The 
mineral  which  was  first  to  crystallize  out  was  the  dark-green  transparent 
spinel:  this  was  succeeded  by  the  olivine,  and  that  by  the  pyroxene  and 
the  hornblende.  The  crystals  of  these  last  two  minerals  are  not  seldom 
corroded,  and  in  such  a  case  are  enclosed  by  bands  or  borders  of  pyrites, 
the  ore  appearing  to  dovetail  into  the  crystal.  The  pyrites  also  occurs  within 
the  Eerpentinized  olivines,  or  is  closely  intergrown  with  the  biotite-crystals. 
The  obvious  conclusion  is  that  the  metalliferous  ores  are  the  latest-formed 
constituents  of  the  rock.  No  room  for  doubt  remains  that  the  Schweidrich 
and  Aeusserstmittelsohland  deposits  are  genetically  connected;  and,  further, 
they  present  an  unmistakable  analogy  to  the  nickel-ore  deposits  of  Norway, 
Piedmont  and  Canada.  L.  L.  B. 


ALLUVIAL  GOLD  IN  BOSNIA. 

Utbtr  die  ZuHammennetzung  tiner  (toldntift  in  Botniieu.  By  Dr.  Fkiedbich  Katzeb. 
OfJittrrtichtMche  ZeitJichrift  fiir  Btry-  itnd  Ilii/ttutctHtu,  1901,  <xV.  x/ir., 
pagen  277-280. 

The  gold-bearing  alluvial  deposits  in  the  Pavlovac  stream  are  near  the 
town  of  Fojnica  in  l^osnia.  There  are  traces  of  glacier-action  in  the  neigh- 
bourhood, and  it  is  probii))le  that  the  deposits  wore  originally  du«'  to  the 
grinding  effect  of  the  ice.  In  some  places  they  are  rich  in  gold.  One 
man  in  three  days  obtained  15  grains  by  washing  the  sand,  and  nugget* 
larger  than  u  pea  have  occasionally  lM?on  found.  Waste-heaps  whorv  gtild 
was  formerly  washed,  and  remains  of  old  diggings  can  still  be  traced  >>t 
the  side  of  the  stream,  and  may  contain  a  little  gold.  Deposits  of  a 
later  ago.  about  6^  foct  thick,  stretch  on  either  bank,  and  fill  up  the  in- 
equalities of  the  river-bed. 

Two  samples  of  the  soil  were  taken  from  different  places,  mixed,  and 
sent  to  the  chemical  laboratory  at  Sarajevo  to  In*  tested.  Of  thoM'  w 
pounds  Avere  dried  in  the  air.  passed  through  a  sieve,  and  sorted  intf>  eight 
different  sizes,  from  pieces  larger  than  an  egg  to  grains  ^^^  inch  in  diameter. 
The  two  iiuest  kinds  were  washed,  and  in  the  process  two  little  pellets  of 
gold  weighing  014  grain  were  found  in  them.  'Hie  sample  was  then  irw^ 
from  iron  aud  other  torcipu  substances,  and  classified  into: — ('our8e  ptbblw 
of  micaceous-schist  veined  with  milky  quartz,  a  piiH'e  of  silver-lx^ariug  load- 
slag,  showing  marks  ot  a  peculiar  smelting  pnK'ess,  iron-slag,  gn-thitr. 
niica-per)oie«  such  as  an.*  found  throughout  the  district,  and  retiui»d  lud 
containing  silver. 

A  W4>ight  of  220  i>ound8  of  the  alluvial  deposit  was  found  to  contais 
O'tWTG  gramme  of  gold,  and  a  large  pen-entage  of  mica,  besides  rvd  hema- 
tite, magnetite,  aud  ga»thite.  llie  slag  show?,  that  there  were  formerly  »molt. 
ing  works  in  the  district,  although  nothing  is  known  of  them.  Silver  and 
co])|K'r  must  have  been  worked,  for  the  on»s  an'  still  hero.  There  ia  al»o 
brown  iron-ore. which  was  till  recently  smelted  in  the  furnaces  at  Fojnica. 
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Iron-slag  has  been  found  at  a  considerable  elevation,  and  as  no  water-power 
to  drive  the  furnaces  was  available,  they  must  have  been  worked  by  man- 
power only,  or  by  utilizing  the  pressure  of  the  wind.  Much  of  the  iron- 
ore  in  Bosnia  is  so  pure  that  it  was  deposited,  probably,  long  before  the 
other  metals. 

Next  to  mica,  goethite  is  most  conspicuous  in  the  Pavlovac  deposits, 
and  seems  to  have  been  originally  pyrites,  converted  into  goethite  in  its 
prog^ress  down  the  valley.  Magnetite  is  another  noticeable  feature  of  this 
deposit,  and  is  found  as  crystals  in  the  mica.  Its  frequent  presence  in 
these  gold-bearing  deposits  is  interesting,  because  it  confirms  the  well-known 
geological  theory  that  magnetite  usually  accompanies  alluvial  gold,  and 
in  Bosnia  it  is  even  regarded  as  a  kind  of  indicator,  pointing  to  the  exist- 
ence of  the  gold. 

The  origin  of  the  gold  found  throughout  the  district  has  not  been  ex- 
plained. Some  connection  may  exist  between  it  and  the  magnetite,  or  it 
may  be  derived  from  iron-pyrites  or  grey  copper.  The  pyrites  of  a  neigh- 
bouring district  is  comparatively  rich  in  gold,  and  elsewhere  in  Bosnia 
grey  copper  containing  gold  is  found.  H.  M.  D. 


COAL  IN  THE  TRIAS   OF  BOSNIA. 

Utfftr  tin  Kohlenvorkommen  in  den  Wtrftntr  Schichitn  Bosnitns.  By  Friedrich 
Katzer.  Cenfmfblatt  far  Mineralogie,  Geofogie  und  Paloiontologie,  190*2, 
vol.  u.,  jmge^  9-10. 

The  coal  occurs  as  a  very  thin  seam  in  sandstones  belonging  to  the 
Werfen  stage  of  the  Trias,  near  the  village  of  LepoviCi  north  of  the  famous 
iron-ore  mines  of  Varesh.  No  plant-remains  or  other  fossils  have  been 
found  in  the  neighbouring  beds,  so  far;  the  strata  dip  almost  vertically 
southward  (80  degrees),  and  strike  w«st-north-west.  The  coal,  when  dried 
in  the  air,  crumbles  up  easily;  it  is  black,  with  a  lustrous  conchoidal  frac- 
ture, and  dark-brown  streak.  It  ignites  with  difficulty,  bums  with  a  short 
non-luminous  flame,  and  leaves  a  great  deal  of  reddish-grey  ash.  The 
latter,  under  the  microscope,  is  seen  to  contain,  besides  its  aluminous  and 
iron  oxide  constituents,  fragnientfi  of  quartz  and  mica.  The  percentage 
of  ash  is  1604,  of  volatile  constituents  6*48,  and  of  hygroscopic  water  8*23. 
The  calorific  power,  estimated  by  the  Berthier  method,  is  4,256  calories. 
The  mineral  contains  some  sulphur,  and  does  not  coke. 

The  deposit  is,  unfortunately,  of  no  industrial  importance. 

L.  L.  B. 


THE   IRON-ORE   DEPOSITS    OF   HUTTENBERG,    CARINTHIA. 

Der  Erdlttrij  bei  Iliittenbtrg  in  Kdniten.     By  Bruno  Badmgartel.    Jahrhurh  dtr 

kaixerfich-koniylichtn  geolo(ji^hen  Heicft-ian^talt,  1902,  i^ol.  m.^piigeti  219-244, 

icith  \^  figures  in  the  text  and  2  platen. 

The    Erzberg   (Ore-hill)   at   Hiittenberg   in    the    north-eastern    district    of 

Carinthia   has   been   the   object   of   active    mining    industry   since    the    days 

of  the  Romans,  and  its  mineral  wealth  is  by  no  means  exhausted  yet.     The 

hill   in  question   forms   the  extremity   of  a   westerly  spur  jutting   out  from 

the   mountain-range   of   the  Grosse   Saualpe,   which   itself  trends   north   and 

•outh.     As   much    discussion    had    arisen    in    regard    to   the    genesis    of   the 
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ore-deposits,  the  author  undertook  in  1900  and  1901  a  detailed  petrographical 
study  of  the  area,  the  fruits  of  which  are  now  presented  to  the  public. 
His  paper  is  preceded  by  an  elaborate  bibliogpraphy,  and  before  entering 
into  the  petrographical  detail  he  gives  a  general  sketch  of  the  geology. 
The  predominant  rocks  are  schistose  and  banded,  and  used  to  be  conveniently 
(if  not  loo  correctly)  grouped  all  together  as  gneisses,  there  being  a  con- 
siderable mass  of  true  gneiss  among  them.  Intercalated  among  them  are 
coarse-grained  tourmaline-pegmatites  and  granular  limestones;  and  with 
the  main  limestone-reef  are  chiefly  associated  the  ore-deposits.  The  ladt- 
named,  in  a  fresh  condition,  consist  of  granular  aggregates  of  spathose 
iron-ore,  often  with  pyrites  as  a  secondary  occurrence.  Towards  the  out- 
crop the  ore  is  weathered  to  brown  haematite.  Only  occasionally  are  the  iron- 
ores  found  to  be  intercalated  among  mica-schists,  as  the  Bilbao  miners' 
dictum  "  The  limestone  is  the  mother  of  the  ore  "  appears  to  hold  good 
in  this  district  too.  Taken  as  a  whole,  the  metalliferous  deposits  form  a 
stockwork,  which  exhibits  no  discernible  relation  whatever  to  the  dip  and 
strike  of  the  bedded  rocks:  the  ore-bodies  are  traversed  by  the  tourmaline- 
pegmatite  veins,  and  in  fact  these  pegmatites  appear  to  occur  constantly  in 
association  with  the  iron-ores,  but  they  are  then  kaolinized.  The  pegmatite- 
veins  are  undoubtedly  intrusive,  that  is,  of  eruptive  origin;  and  the  author 
claims  that,  in  contradistinction  to  the  hitherto  generally-accepted  view 
that  the  Huttenbcrg  ores  are  a  sedimentary  deposit,  it  is  to  similar  eruptive 
phenomena  that  the  genesis  of  the  ores  can  be  traced  back.  He  marshals 
at  length  the  evidence  which  leads  to  this  conclusion,  his  final  statement 
being  that  the  post-volcanic  processes  connected  with  the  intrusion  ot  a 
neighbouring  granitic  mass  resulted  in  the  partial  replacement  of  limestone 
by   iron-ores.  L.  L.  B. 


LEAD-    AND    ZINC-ORE    DEPOSITS    IN    UPPER    CARINTHIA. 

Zur  KnmtiiixM  tinitfrr  lilii-  nml  Z'udfrzt'orkomm*  u  dtr  Aljnntu  Tria^  In  i  DfiUvh  im 
Ohtnh-niUhal.  liy  Otto  Si'ssmann.  Jahrhuch  d*r  hii.'*trlich-kduii/fi''h'>i 
tjttj/tjyiMrh*  II  Rfich^nnMtnlty  1901,  I'of.  li.,  yxif/*-^  *2()r)-300,  inth  b  ^fiijutts  in  fh' 
tfxf  nitd  1  plntt. 

This  eluh<»rate  nionioir  deaU  with  the  metalliferous  mines  of  Kolm  and 
Si'heiiiitzeii  in  the  nei^hhoiirlKMxl  of  Dellaeh  (l'])iK»r  Drave  Valley i.  and  with 
some  iHolated  occurreiu^i's  ot  ore  near  Pirkach.  A  short  but  adequate  bililio- 
graphy  is  followed  by  au  historical  sketch  of  the  recently  rt*»uscitattKi 
niiiiiupf  industry  in  that  region.  Then  comes  a  brief  orographical  de«rrip- 
tion.  and  thereafter  the  stratigraphy  and  tectonics  are  considered  in  det.ii!. 
Two  parallel  niountaiu-rau^es  run  east-and-west.  Wtwecu  the  Gail  and  the 
Drave  and  the  Moll  and  the  Drave  rcsixjctivcly ;  the  rounded  summits  of  the 
nortliernniost  rauge  belong  to  the  old  crystalline  schists,  while  the  bare 
serrated  ]K*aks  and  ridpes  of  the  southern  ranpe  proclaim  from  afar  the 
predoniiuaiue  of  the  Alpine  Triassic  limestones  and  dolomites.  In  tact, 
the  river  Drave  in  its  westerly  course  may  be  regarded  as  demart^ating  the 
))oumlary   U'tween   the   twu   formations. 

The  older  crystalline  schists  hereabouts  arc  overlain  by  the  GriM]en 
sandstones  and  conglomerates,  of  Permian  age.  These  are  succeeded  by 
TViassic  strata,  of  a  facies  which  is  more  of  the  North  than  of  the  South 
Alpine  ty])e.  and  these  in  turn  by  the  Rlm'tic.  Jurassic,  Cretact'<»u#. 
and  Tertiary  formations  arc  conspicuous  by  their  absence,  but  de|>o*iits 
of  glacial  origin  play  an  important  part  in  the  geology  of  the  district. 
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The  ore-depodts  of  Kolm  and  Scheinitzen  occur  in  the  Mu8chelkalk  lime- 
stones^  some  beds  of  which  are  gypsiferous  and  others  bituminous.  The 
ores  of  the  Hermann  adit  are  in  higher  beds  (Wetterstein  limestone);  those 
of  the  Pirknergraben-near  Pirkach  are  in  the  Cardita-hedB,  and  the  isolated 
ore-bodies  of  the  Marchgraben  occur  m  Rhsetic  limestone. 

At  Kolm,  the  ore  is  really  of  the  nature  of  a  bedded  deposit, 
the  workable  beds  occurring  in  the  neighbourhood  of  fissures  in 
the  Muschelkalk  which  are  locally  termed  ''veins."  Galena  is  the 
predominant  ore,  and  has  withstood  the  usual  agents  of  decomposition 
more  successfully  than  the  others.  Most  of  the  zinc-blende  has  been  altered 
into  earthy  calamine,  while  comparatively  pure  brown  haematite  occurs  in 
great  cavernous  masses  in  the  upper  part  of  the  deposit  and  is  probably 
the  decomposition-product  of  the  marcasite.  The  ores  within  the  fissures  or 
''veins'"  themselves  are  of  less  industrial  importance  than  those  which 
impregnite  the  "country."  At  Scheinitzen,  the  ores  are  chiefly  zinc-blende 
and  galena,  and  this  appears  to  be  the  case  also  in  the  Pirknergraben  and 
the  Marchgraben. 

The  genesis  of  the  deposits  is  discussed  at  considerable  lengfth,  and 
there  appears  to  be  little  doubt  that  the  primary  agents  in  their  formation 
were  thermal  waters  which  carried  along  with  them  metallic  particles  in 
solution.  Local  circumstances,  as  for  instance  the  presence  of  the  impervious 
Wengen  beds  which  both  at  Kolm  and  Scheinitzen  dammed  back  the 
thermal  waters,  preventing  their  further  uprise  through  the  strata,  modified 
the  ultimate  characteristics  of  the  ore-bodies  without  altogether  masking 
their  common  and  probably  contemporaneous  origin.  L.  L.  B. 


THE    COAL-BEARING    TRIAS    OF    UPPER    LAIBACH,    CARNIOLA. 

Ueber  die  LctgerungAi^rhiUtnutHe  der  kofdenfilhrenden  Baih/er  Schichten  t-oti 
ObeHaibach,  By  Db.  Franz  Kossmat.  Verhand/uvgen  der  kaUerlich-kihiig' 
lichen  geoloyi^chen  BeichsaiiMtalt^  1902,  pages  150-162,  mth  Q/gnrcs  in  the  text. 

The  existence  of  coal  in  the  Middle  Trias,  north  of  Oberlaibach,  has  long 
been  known,  and  the  district  has  been  the  scene  of  repeated  exploration-work. 
Now  again,  very  careful  investigations  are  being  made,  with  the  view  of 
determining  whether  the  deposits  would  repay  working.  The  outcrops 
occur  in  a  narrow  ridge  which  separates  the  Horjul  valley  from  that  of 
Fodlipa:  the  last-named  valley  opens  out  gradually  into  the  plain  of  Ober- 
laibach. 

A  detailed  synopsis  of  the  rock-succession  is  given,  from  which  it  appears 
that  the  coal  is  practically  confined  to  the  Raibl  group,  a  scries  (at  the 
base)  of  dark  limestones  interbanded  with  highly-fossiliferous  black  shales 
and  coal-seams,  and  (in  the  Podlipa  valley)  pisolitic  ironstones.  But  the 
main  mass  of  the  group  is  made  up  of  vividly-mottled  crumbly  clay-slates 
and  sandstones.  It  is  overlain  by  the  Hauptdolomit,  and  underlain  by  the 
St.   Cassian  Limestones  and  Dolomites. 

The  coal  of  the  Lower  Raibl  group  is  of  drift-origin,  that  is,  it  originated 
in  masses  of  plant-remains  floated  in  among  marine  deposits  from  a  not  very 
distant  shore-line. 

A  bore-hole,  put  down  at  Drenovgri^  to  a  depth  exceeding  1,490  feet, 
proved  the  thickness  of  the  entire  Raibl  group  to  be  about  1,250  feet.  West 
of  this  locality  a  shaft  proved  two  main  coal-seams:  one,  some  20  inches 
thick,   almost  immediately  above  the  St.  Cassian  Dolomite,  and   the   other 
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(a  double  seam  from  2  to  3  feet  thick)  separated  from  the  former  by  a  barren 
mass  of  limestone-and-dolomite  breccia  and  crushed  marl.  The  averag* 
dip  of  the  bottom  seam  is  high — 60  to  70  degrees,  and  one  gathers  that 
the  strata  are  sharply  folded  into  anticlines  and  synclines,  and  complicated 
by  faults.  Although  the  coal  does  not  seem  to  lie  anywhere  at  what  we 
should  consider  great  depths  below  the  surface,  the  water  from  the  oTer- 
lying  dolomite  (held  up  by  the  impervious  Raibl  Series)  constitutes  a 
serious  obstacle  to  mining  enterprise.  The  coal  is  characteriEed  as  an 
anthracite,  with  a  calorific  power  of  6,655  calories.  It  yields  as  much  >• 
10*4  per  cent,  of  ash,  and  pyritous  impurities  are  not  uncommon. 

The  pisolitic  haematite   already   mentioned   as  occurring  in   the   Podlipa 
valley  would  hardly  repay  working.  L.  L.  B. 


BORINGS   FOR   PETROLEUM   IN    HUNGARY. 

<1)  Ueber  die  Am^ichUinh.r  PetroltumMchur/unytn  im  ThaU  dUn*  Ldltortcflintnt^  Ui 
Hadruny  {in  Oberuntjarn),  By  Dr.  Stanislaus  Olbzkwski.  Ztitnchr^X  fir 
praktischt  Geofogit,  1901",  ix>f.  ix. ,  payes  353-356. 

The  author  went  specially  to  the  neighbourhood  of  Caebinye  and 
Radvany  in  county  Zemplin,  with  the  express  view  of  ascertaining  whether 
the  geological  structure  of  the  district  would  warrant  a  systematic  ex- 
ploration for  petroleum. 

He  describes  the  strata  in  detail,  but  appears  to  differ  fundamentally 
from  the  officers  of  the  Hungarian  Geological  Survey,  in  the  age,  which  he 
assigns  to  them.  He  says  that  they  all  belong  to  the  formation  known 
in  Galicia  as  the  Salifcrous  Clay  or  Upper  Oligocene.  The  Royal  Hungarian 
Survey  on  tlie  other  hand,  groups  them  as  Magiira  Sandstone  (Upper  Creta- 
ceous and  Eot'one),  underlain  by  the  Cretaeeous  Sniilno  and  JU'love>za 
shalcH.  and  the  Neocomian  Ropianka  beds.  He  controverts  emphatically 
the  generally-received  opinion  that  the  natural  oil  observed  in  the  neiph- 
bourhoud  of  Rndvauy  occurs  in  a  belt  which  is  practically  the  contiuuatiun 
of  the  petroliferous  Hopianka  beds  near  Dukla  in  Galicia.  The  differt>uce  nt 
age  is  enormous,  and  moreover  the  strata  of  the  Hungarian-Galiciau  frontier 
strike  across  the  strata  ot  the  Lahorec  valley  (Hadvany).  N evert hele?»'».  lu* 
does  not  deny  that  the  district  of  Radvany  has  all  the  character  ol  au 
oil-field,  and  though  the  l><»ring,  put  down  by  an  Austro-Uelgian  .syndicate 
to  a  depth  of  1,74S  feet,  was  undertaken  at  a  badly-chosen  spot,  it  Mrurk 
oil  twice,  but  in  small  quantity. 

Jiy  a  detailed  comparison  of  the  (ialician  se<iuence  with  that  around 
Radvany,  the  author  concludes  that  oil  in  payable  (piantities  will  be  lound 
at  much  greater  depths.  He  considers  that  it  would  be  advisable  ft>r  the 
Hungarian  Gorernment  to  give  financial  8Up])ort  to  those  who  would 
undertake  a  boring  to  a  depth  of  4,tXX)  feet  or  so,  and  he  points  out  that 
the  technical  advance  in  the  science  of  l>oring  is  so  great  that  such  an 
enterpris<'  would  be  (juite  i)racticable.  In  (iaiicia  borings  of  fairly  large 
diameter  are  easily  carried  down   to  depths  of   2.r>(K)   fivt   or  more. 

L.  L.  B. 

{2)    fffo!(Mjlfrht     Anfnnhiiun     im     Inttrt^t     ty)it     Ptfnt/t  nm'S:hurJuuijtn     it*    nth 

Comlfafm    yCtmjt/in    itnd    Nurax.       Jiy     Koloman    vok    Adda.      Mitth**'- 

UHif*H   a  US  dt  m   Jahrhnchr   dtr  kduitj/ich    Umjanschtu  (rro/of/iVAcii  An*f*ii.\ 

1902,  'v>/.  .nil.,  initjfx  145-198,  \cith  l^titjun  in  th*  tfxt  ami  1  ^ilatt. 

The  author  examined  the  area  described  in  this  memoir,  on  behalf  of  the 
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Hungarian  Government,  in  his  capacity  as  geological  surveyor,  in  1898. 
As  that  portion  of  the  Magyar  kingdom  borders  on  Qalicia,  one  of  the 
problems  that  awaited  solution  was,  whether  the  oil-bearing  beds  continue 
(in  common  with  certain  other  formations)  from  Galicia  into  Hungary. 

The  general  rock-succession  is,  in  the  first  place,  described  as  being  (in 
ascending  order): — (1)  Lower,  Middle,  and  Upper  Eocene  (mottled  shales, 
sandstones,  marls,  etc.);  (2)  Lower,  Middle,  and  Upper  Oligocene  (shales, 
sandstones,  etc.) ;  and  (3)  Quaternary  alluvial  formations.  A  detailed  account 
i/i  then  given  of  the  stratigraphy  of  the  neighbourhood  of  Rokit6cz,  Zemplen- 
Driesna,   and   Sdros-Driesna,   Also-Komamik  and   Felso-Eomamik. 

With  regard  to  the  Rokitdcz  district,  the  author  considers  that  a  deep 
boring  going  down  not  less  than  2,000  feet  would  strike  the  oil-bearing 
Lower  Eocene,  the  Oligocene  formation  being  there  comparatively  thin. 
In  the  neighbourhood  of  the  two  Driesnas  the  strata  have  the  undula- 
tory  character  which  is  the  primary  condition  of  the  existence  of  a  natural 
oil-reservoir,  and,  taking  all  the  tectonic  circumstances  into  account,  a 
boring  should  yield  successful  results.  The  strata  through  which  it  should 
be  put  down,  however,  are  restricted  to  a  very  small  area  and  dip  very 
steeply,  nor  do  they  occur  in  a  particularly  accessible  spot.  The  remaining 
area  of  the  Driesna  district  is  not  favourable  for  oil-prospecting.  At  Felso- 
Eomarnik,  the  Lower  Eocene  strata  form  the  south-easterly  prolongation  of 
the  rich  petroleum-belt  of  Galicia:  they  cover  here,  it  is  true,  but  a 
amall  surface,  though  very  promising  for  the  oil-prospector.  The  best 
locality  for  a  boring  would  be  the  area  east  of  the  confluence  of  the 
Dolina  with  the  streamlets  which  run  down  from  the  Banchora  range: 
the  operations  would  have  to  be  carried  down  to  a  minimum  depth  of 
2,100  feet.  A  boring  which  was  put  down  l\  miles  north-west  of  Barwinek, 
struck  a  little  oil  at  the  depth  of  1,770  feet,  and  this  was  associated  with 
violent  outbursts  of  natural  gas.  L.  L.  B. 

(3)  Petroienm-^chur/unjen  in  Ungam  im  Juhre  1900.  By  A.  Waltheb.  Foldtani 
Kozlony,  1902,  voi.  xxxii,y  jxtye  154. 

At  Luch,  in  Ungh  county,  three  bore-holes  were  put  down.  One,  the 
Anna  bore-hole,  struck  oil  at  a  depth  of  1,033  feet  from  the  surface;  the 
bore-hole  was  continued  some  300  feet  farther,  when  it  was  found  that  (acci- 
dentally) a  trespass  had  been  thereby  committed  on  a  neighbouring  property, 
and  further  operations  were  suspended.  The  Torok  bore-hole  reached  a 
depth  of  2,380  feet,  but  the  diameter  of  the  bore-hole  had  by  that  time  con- 
tracted to  such  an  extent  that  in  this  case  also  further  work  was  stopped. 
The  Lidia  bore-hole  was  a  more  successful  undertaking:  oil  was  struck  at 
a  depth  of  758  feet,  and  by  December,  1900,  5  barrels  of  crude  oil  were 
being  got  thence  daily. 

At  Felso-Komamik,  in  Saros  county,  a  boring  reached  on  January  23rd, 
1900,  a  depth  of  2,083  feet  from  the  surface.  Oil  and  gas  had  burst  forth 
300  feet  or  so  before  this  depth  was  reached,  but  after  some  weeks'  pumping 
the  supply  gave  out;  and,  the  boring  being  thereupon  carried  down  to  the 
depth  previously  mentioned,  another  petroleum-reservoir  was  tapped  which 
yielded  regularly  5  barrels  per  day  throughout  the  year. 

Certain  outbursts  of  gas  and  oil  took  place  in  the  Izbugya-Radvany  bore- 
hole, in  county  Zemplen,  at  the  respective  depths  of  928  and  1,056  feet,  but 
boring  was  being  carried  deeper  down  and  operations  were  still  in  progress  at 
the  end  of  1900.  L.  L.  B. 
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THE  JASZTRABJE   PYRITES-DEPOSIT,   HUNGAEY. 
Cher  tin  Schwtfdkiodagtr  Itti  Jiinztrahjt  in  Ungam,     By  J.  Knett.     Ztit^krift 
J'iir  praktviche  Geofogie,  1903,  vol.  art.,  pctges  106-110,  irith  4jigvrtM  in  the  ttxt. 

The  lowlands  of  Nagy-Tapolcsan,  known  chiefly  as  a  brown-coal  basin, 
are  the  site  of  a  Tertiary  gulf,  bordered  to  the  westward  by  highlands  of 
crystalline  schist,  and  to  the  northward  by  the  dolomite-hills.  At  the 
north-western  head  of  this  ancient  gulf  the  author  examined  a  deposit  of 
pyrites  about  20  inches  thick  in  black  clay,  laid  open  by  a  railway  drain- 
age-cutting near  Jasztrabje.  The  ore  does  not  form  a  compact  mass,  but 
is  rather  cavernous  in  appearance  (that  is,  contains  large  cavities),  and  the 
author  is  understood  to  suggest  that  it  was  deposited  at  the  same  time  as 
the  black  clay  and  is  to  be  associated  with  the  decomposition  of  vegetable 
matter  in  situ  in  a  swampy  area.  The  strata,  at  one  time  horizontal,  have 
now  been  folded  into  an  anticline. 

The  ore-deposits  would  imdoubtedly  repay  working,  and  points  are 
suggested  where  it  might  be  advisable  to  put  down  an  exploration-ehaft, 
with  the  view  of  determining  the  actual  extent  of  the  deposit.  The  area 
can  hardly  be  very  considerable,  as  the  anticline  is  brought  up  sharply 
against  the  crystalline  schists  on  the  one  hand,  and  against  the  Cretaceous 
dolomites  on  the  other,  but  the  possibility  of  a  south-easterly  extension  is 
not  excluded.  Exploration-work  might  have  the  additional  advantage  of 
proving  further  occurrences  of  brown  coal.  L.  L.  B. 


POLYHALITE  IN   THE  AUSTRIAN   SALT-DISTRICT. 

UiUr  die  Polyhalitt  dtr  A^pinfu  Sfilzhtrtjf.  By  AiCJl'ST  Aigner.  Otsttrnu-hitch^ 
Z'H^rkrijt  fiir  Berg,  uud  IIufft^mnMtn,  1901,  ro/.  jciix.,  pag^^  686-689,  trith  "2 
Jigiinti  in  tht  ttxt. 

Polyhalite  forms  an  important  cliarocteristic  of  the  rocks  in  this  district. 
Although  it  docs  not  vary  much  in  coinpositiou,  yet  if  considered  in  rela- 
tion to  the  other  rocks  of  the  country,  much  light  is  thrown  upon  its  origin. 
It  occurH  in  three  forms,  the  columnar,  the  foliated,  and  as  red  anbydrit**. 
In  the  first  it  is  found  in  fragments  from  i  to  4  inches  thick,  and  its 
chemical  formula  is  2C'aSO  ,Mi?S0..K..S0..2H  O.  It  is  lioNh-<'olf>ured. 
shadiug  into  brick-red,  and  has  a  pale  resinous  lustre.  The  little  rods  are 
always  twisted,  and  their  edges  overlain  with  clay.  This  fragmentary 
crystalline  polyhalite  is  usually  scattered  throughout  the  saliferous  clay, 
but  Bonietinies  rests  directly  upon  the  salt-roi'k.  upon  which  it  must  have 
been  originally  deposited  as  a  sediment.  The  stratum  is  not  very  thiek  anil 
follows  the  variations  of  that  Mow  it.  If  the  polyhalite  is  dissolved 
artificially,  as  often  happ<'ns  in  salt-mining,  beuutitul  lumps  of  this  crystallized 
anhydrite  appear.  Two  samples  from  Ilallstadt  were  analystui.  and  their 
chief  eonstituents  were  ealeium  and  oO  per  cent,  of  sulphuric  acid.  Glau- 
bi'rite   trom    Isciil   showed   a  similar  ehemieal  composition. 

Tile  f.e<*ond  form  of  polyhalite,  the  foliated,  is  found  in  conjunction  with 
crystals  of  brown  anhydrite.  It  is  a  beautiful  dark  red.  and  was  at 
first  supposed  to  be  glaulwrite,  hut  the  writer  proves  the  difference  between 
them  by  comparing  the  ehemit-ai  analyses  of  the  two  sulwtanees.  Glauliente 
in  another  form  of  polyhalite.  contains  the  sulphates  of  soda  and  limo.  and 
is  much  richer  in  potash. 

The  third  form  of  i>olyhalite  is  the  red  anhydrite.  In  the  salt-district  it 
is  always   found   in   graius.   of  a   paler  red   than   the   columnar  or   foliated 
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varieties,  and  is  probably  a  grey  anhydrite,  impregnated  with  polyhalitic 
salt,  or  rather  an  anhydrite  which  has  been  deposited  in  a  solution  of 
polyhalitc.  The  red  anhydrite  occurs  in  such  quantities  at  Aussee  that  it 
is  used  as  manure.  It  contains  much  less  potash  and  magnesia  than  the 
other  two  forms,  but  a  large  percentage  of  chloride  of  soda,  or  common 
salt,  and  this  constitutes  its  value  as  manure.  E.  M.  D. 


METAMORPHISM    OF   THE    GRAPHITE-BEDS    IX    UPPER    STYRIA. 
Der  M€iamorphi»nvi8(lerOf>erMtei*irMchen  GraphiUiujerntdthn.  By  Dr.  K.  A.Redlich. 
OtsttrreichiAche  ZHUchriftfur  Bertj-  und  HiUten^restn,  1901,  I'oL  x/t.i*.,  pagta 
403-404. 

The  graphite-beds  are  now  recognized  as  being  of  sedimentary  origin, 
since  the  discovery  in  them  of  a  Carboniferous  flora.  The  writer  discusses 
the  question  whether,  the  present  form  of  the  carbon  is  due  to  dynamic 
metamorphism,  or  to  contact  with  volcanic  rock.  There  are  two  varieties  of 
graphite,  the  soft  and  the  hard.  The  first,  according  to  Dr.  Weinschenk, 
originated  during  great  structural  disturbance  of  the  rocks,  and  has  been 
crushed  like  coal  by  the  pressure.  The  hard  graphite  may  be  compared  to 
coal  converted  into  coke,  and  brought  in  contact  with  volcanic  rock;  the 
one  is  the  result  of  dynamic,  the  other  of  volcanic  action. 

The  writer  inspected  the  graphite-beds  in  the  conglomerate  at  Sunk  in 
Upper  Styria:  they  are  sometimes  soft  and  foliated,  sometimes  hard  and 
crystalline,  chiefly  the  latter  where  the  strata  are  much  contorted.  In  the 
Bernese  Oberland,  the  Jura,  and  the  Styrian  Alps  the  whole  of  the  lime- 
stone, gneiss,  and  other  rocks  have  not  been  subjected  to  transformation. 
Many  of  the  Mesozoic  limestones,  in  spite  of  the  pressure,  have  preserved 
their  original  tough  character,  while  others  show  crystalline  structure  in 
places  where  no  volcanic  influence  is  possible.  Sometimes  the  strata  have 
been  exposed  to  the  greatest  pressures,  without  losing  their  characteristics, 
and  the  carbon  has  not  been  metamorphosed  into  crystalline  graphite. 
Near  Leoben  there  are  two  beds  of  graphite-slate.  One  of  them  lies  directly 
upon  the  "  white  stone  "  which  in  its  turn  rests  on  the  gneiss,  the  dividing 
line  being  sharply  defined.  The  other  is  separated  from  it  by  a  bed  of 
micaceous  schist,  containing  many  fossils,  and  upon  neither  can  the  gneiss 
have  acted  in  the  way  supposed.  Below  the  graphite  is  a  bed  of  serpentine 
'embedded  in  the  conglomerate,  and  it  would  be  interesting  to  know  what 
effect  has  been  produced  by  it  upon  the  graphite.  E.  M.  D. 


COAL  IN  THE  TRIAS  OF  SOUTHERN  TYROL. 
•Uehtr  ein  Kohlenvorkonimen  in  den  Wentjener  Schichfen  der  Switiroler  Trias,     By 
Count  H.  Keysbrlino.       Verhandlungen  der  IcaiAerlich-kOniyHchen  (jeofogis- 
chen  BeichsanMicUt,  1902,  pages  57-61,  loith  2fgure>t  in  the  text. 
The  locality  of  this  occurrence,  visited  by  the  author  in  the  autumn  of 
1901,  is  on  the  south-eastern  slope  of  Monte  Coldai,  in  the  Civetta  range, 
at  a  point  near  the  junction  of  the  Wengen  tuffs  with  the  Wengen  dolomite. 
The  former  strata  are  much  disturbed  and  faulted,  and  the  main  coal-seem 
crops  out  at  an  altitude   of   5,350  feet,   about  300   feet   north   of  the   dis- 
turbance.    The  main  seam  varies  in   thickness  from   15  to  20  inches,  dips 
'20  degrees  south-south-eastward,    and   has   a  floor   of  dark   limestone,    but 
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in  some  places  it  is  interbedded  with  clays  and  sandstones.  Hie  mineral 
is  highly  pyritous,  and  the  author  thinks  that  it  is  the  ontcome  of  the 
carbonization  and  decomposition  of  a  layer  of  aquatic  plants.  He  fovad 
similar  coal-seams  in  the  dolomite,  and  suggests  that  the  currents  bear- 
ing nutritive  matter  which  encouraged  the  reef-building  organisms  (corals, 
calcareous  algse,  etc.)  to  settle  on  that  portion  of  the  Triassic  sea-floor,  also 
floated  thither  the  decomposing  aquatic  plants.  The  submarine  volcanic 
eruptions,  characteristic  of  the  Wengen  period,  may  have  played  some  part 
in  the  carbonization,  impregnating  the  plant-remains  with  sulphidic  solutions. 
The  inhabitants  of  the  neighbouring  valleys  had  conceived  rather  ex- 
travagant hopes  concerning  these  coal-seams,  but  it  is  now  quite  evident 
that  the  occurrence  is  not  of  industrial  importance.  L.  L.  B. 


THE    SCHNEEBERG    OBE-DEPOSITS,    TYBOL. 

Die  Erzlagerstdtte  de^  Schneebergs  in  Tirol^  und  ihr  VerhSltniA  ztc  jtntr  dt» 
SUherltergH  bei  BodeiimatM  im  BayrxAchen  Wold.  By  E.  Weinschenk. 
Zeit*chr\ftfUr  praliiMche  Oeofogie,  1903,  fo/.  art.,  jxujes  231-237. 
Sulphidic  lead  and  zinc-ores  are  of  widespread  occurrence,  especially 
in  the  Eastern  Alps,  among  the  crystalline  schists  which  mantle  over  the 
central  granite-core.  On  the  whole,  however,  the  ore-deposits  are  too 
poor,  and  the  transport-facilities  arc  too  restricted  to  admit  of  successful 
working.  Thus  it  is  that  mines  in  the  western  part  of  the  Eastern  Alps 
have  mostly  long  since  been  abandoned,  while  in  the  eastern  part  of  that 
mountain-region  many  are  still  actively  at  work.  Among  the  ore-occurrences 
known  in  the  Tyrol,  the  Schneeberg  deposit  is  one,  the  genesis  of  which 
has  long  formed  the  subject  of  more  or  less  acrimonious  discussion.  The 
detailed  iuvcstigations  of  Prof.  Eltorlein  have  shown  that  the  Schneeberif 
ore  is  really  of  the  nature  of  a  vein-deposit.  In  this  conclusion,  the  author 
emphatically  concurs,  but  the  main  object  of  his  paper  is  to  refute  the 
supposed  analogy  between  the  ore-deposits  of  Silberberg.  near  Bodenmais.  in 
the  Bavarian  Forest,  and  those  of  Schneeberg.  One  of  the  peculiarities  of 
the  last-named  is  the  (HTurrcnco  of  garnet,  quartz,  hornblende  and  mica, 
with  chlorite,  apatite  and  titanite.  either  in  the  form  of  nest^  within  .i 
normal  sulphidic  zinc-lead  mass  (blende,  galena,  iron-pyrites,  magnetic 
pyrites,  mispickel,  boulangerite  and  fahlore),  or  sometimes  n<ixed  to  a 
slight  extent  with  the  ore-body.  The  author  regards  the  Silberberg  deposit 
ai  having  originated  in  a  pyritic  niagiria  which  welled  up  from  great  depth*., 
and  he  refutes  at  some  length  Prof.  Beck's  objections  to  this  hypothciu*. 
declaring  that  further  study  of  the  hn^al  conditions  has  confirmed  him 
in  his  original  opinion.  The  Schneeberg  deposit,  on  the  other  hand,  is  a 
normal   v<'in    of  the  (Mansthal    type.  L.  L.  B. 


THE  OBICJIN   OF  THK    MAKHLKS   OF   TIIE   TYROL. 

/>//     TirfJn-    Mnrmorlmj*r.       liif     K.     \VKlN.»^^nKNK.        Ztifsrhnff    /iir  /imiriVA< 

ff\f»lfi/h,  HK)3,  r<>/.  xi..  i>n*f*^  1.^1-147.  ^nth  '1  Jitjurf^  hi  thf  ffxf. 

The  author  reminds  us  in  the  first  instance  of  Prof.  Vogt's  researches  on 

the  connection  between   the  penesis  of  marble  and  its  structure.     That  able 

writer    distinguished    between    those    varieties    which    are    of    contact-meta- 
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morphic  origin,  and  those  which  are  of  dynamo-metamorphic  or  regional- 
metamorphic  origin,  concluding  that  the  varieties  which  may  be  ranged 
in  the  first  category  are  generally  useless  for  ornamental  purposes,  as  they 
are  not  sufficiently  durable.  The  author's  first-hand  knowledge  of  Alpine 
marble-deposits  led  him  to  doubt  the  soundness,  or  at  any  rate  the  universal 
applicability,  of  Prof.  Vogt's  conclusions.  He  points  out  that  much  of  the 
Carrara  marble,  the  use  of  which  is  world-wide,  exhibits  the  rectilinear 
granular  structure  typical  of  a  contact-metamorphic  origin. 

He  describes  in  great  detail  the  chief  occurrences  of  workable  marble 
in  the  Tyrol,  and  shows  that  these  were  originally  Palseozoic  or  Mesozoie 
fossiliferous  limestones,  through  the  massive  beds  of  which  basic  eruptive 
mag^nas  (near  to  gabbro  in  composition)  tore  their  way,  probably  reducing 
the  whole  mass  to  a  pasty  semi-liquid  condition,  and  therewith  setting  up 
all  sorts  of  chemical  reactions  which  in  part  explain  the  metamorphism 
of  the  sedimentary  deposits  into  marbles  and  schists. 

The  important  conclusion  to  be  drawn  from  the  economic  point  of 
view,  is  that  the  Tyrol  marbles,  both  in  structure  and  in  mineralogical 
composition,  are  the  result  of  intense  contact-metamorphism.  Contact-meta- 
morphic marbles  are  of  excellent  quality,  ranking  indeed  among  the  best 
known  to  commerce,  and  thus  Prof.  Yoga's  interpretation  of  the  connection 
between  the  structure  and  genesis  of  marble  fails  to  hold  the  field. 

L.  L.  B. 

THE    CAMPINE    COAL-FIELD    OF    NORTHERN    BELGIUM. 

(1)  Quelque^  Mots  d  propos  dn  Sovdctge  d*A/tch,     By  Baron  Oct.  van  Krtborn. 

Btdletin  de  la  Soci6t4  Bdge  de  Q^ogie,  de  Pod^ontdogit  ti  d* Hydrologies 

1901,  vol.  xi\,  Proc^-i'erbaux,  pages  593-595. 
Towards  the  end  of  August,  1901,  the  announcement  was  made  that  this 
boring  had  struck  several  seams  of  coal.  It  now  appears  that  the  Coal- 
measures  were  reached  at  a  depth  of  1,705  feet  from  the  surface  (or  1,440 
feet  below  sea-level),  that  is.  only  about  33  feet  deeper  than  might  have 
been  predicted  from  a  general  consideration  of  the  gfeology  of  the  country. 
The  1,705  feet  of  barren  strata  are  made  up  of  558  feet  of  Cretaceous  and 
1,147  feet  of  Tertiary  rocks,  among  which  latter  are  several  horizons  of 
loose  sands  and  some  water-bearing  sands.  The  Cretaceous  is  probably 
fissured  here  and  there,  but  on  the  whole  the  conditions  of  the  great  mass 
of  strata  overlying  the  Coal-measures  at  Asch  are  not  so  unfavourable  to 
industrial  enterprise  as  might  appear  at  first  sight. 

(2)  Etndes  mir  le   Basstin  houilhr  du   Nord  de   la   Belgique,      By  X.  Stainieb* 

Bitlletin  rfe  la  SocUt4  Beige  de  Oeologie,  de  Paliontologie  et  d' Hydrologies  190?, 
vol.  xci.f  Memoires^  page^  77-120,  laith  SJignres  in  the  text  atid  1  pla^e. 

One  point  of  considerable  importance  in  connection  with  the  new 
coal-field,  in  the  Belgian  province  of  Limburg,  is  that  the  scams  already 
proved,  though  very  rich,  lie  beneath  so  great  a  thickness  of  younger 
strata  that  their  full  value  cannot  be  got  out  of  them  at  present. 
It  would  be  highly  desirable  to  trace  out  a  further  extension  of  the  coal- 
field, and  there  possibly  the  seams  might  be  reached  nearer  the  surface. 
In  order  to  help  to  the  attainment  of  this  object,  the  author  has  studied 
the  solution  of  those  problems  (associated  with  the  new  coal-field)  that 
appear  to  him  of  the  most  immediate  practical  interest. 

The  author  shows  that  the  new  coal-field  is  a  prolongation  of  those  of 
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Li6ge,  Dutch  Limburg,  and  the  Wurm  basin.  The  Lower  Carboniferous 
massif  of  Yisd  can  no  longer  be  regarded  as  the  northern  boundary  of  the 
Liege  basin:  it  is  simply  an  islet  surrounded  on  all  sides  by  Coal-measures. 
It  seems  probable  that  the  Lanaeken  limesttme  is  a  similar  islet»  but  that 
it  marks  the  south-eastern  border  of  the  coal-field  of  Belgian  Limburg. 
The  coal-scams  in  this  probably  belong  to  a  higher  horizon  than  those 
in  Dutch  Limburg,  one  reason  for  the  supposition  being  that  they  are 
much  richer  in  volatile  constituents.  The  amount  of  volatile  constituents 
in  coal  is  not,  however,  an  infallible  guide  as  to  its  relative  horizon  in  the 
series. 

The  present  distribution  and  localization  of  the  Coal-measure  massifs  of 
western  Europe  and  Britain  is  a  result  of  the  Hercynian  crust-foldings  (as 
was  shown  by  Prof.  Sucss).  That  fact  being  conceded,  it  is  possible  to  plot  out, 
as  the  present  author  does,  the  areas  along  which  Coal-measures  may  he 
looked  for,  from  Aix-la-Chapelle  to  South  Wales,  and  from  Westphalia  to 
Lanarkshire.  The  stratigraphical  phenomena  to  which  the  Hercynian  folds 
and  subsequent  cross-folds  have  given  rise,  and  the  consequent  positions  of 
the  British  and  other  North-west  European  coal-fields,  are  sketched  by  the 
author  in  some  detail.  He  then  proceeds  to  consider,  in  the  light  of  the«e 
facts,  the  probable  extent  of  the  new  Belgian  coal-field.  It  may  be  expected 
to  occupy  an  irregular  triangle,  considerably  drawn  out  from  east  to  west. 
He  does  not  think  that  it  will  be  traced  beyond  the  Scheldt  in  Belgian 
territory,  and  the  industrially-useful  portion  of  the  Coal-measures  in  thi» 
province  of  Antwerp  will  probably  be  confined  to  the  north-eastern  moietj 
thereof. 

A  good  deal  of  mystery  surrounds  the  new  borings  and  trial-sinkings, 
and  information  as  to  the  results  achieved  has  only  been  obtainable  privatolr. 
and  then  in  a  very  meagre  fashion.  Piecing  together  the  si'attered  fragment^i 
of  information  that  he  has  been  able  to  collect  the  author  finds  that  the 
new  Belgian  coal-field  is  comparable  in  its  general  features  with  thit^e  uf 
Shropshire  and  Southern  Staffordshire,  which  lie  on  the  northern  Ixirdor 
of  the  hamo  anticline  and  like  it  overlie  unconformably  the  Silurian.  .Ml 
those  basins  urv  of  the  lyinnic  (swamp,  frcsliwator.  or  continental!  ty|  o.  'Iht» 
measures  arc  apparently  very  regular,  the  dip  is  not  steep,  and  the  giMiorjil 
-strike  is  east  and  west.  The  seams  are  not  very  numerous,  but  in  the  niattor 
of  volatile  constituents  they  differ  from  18  to  -W  per  cent.,  and  a  seam 
of  cannel-eoal  was  struck  in  one  of  the  first  borings.  The  grey  grits  n'-en:bli' 
closely  those  in  the  uppermost  Coal-measures  of  England,  which  pass  up 
into  the  red  rocks  that  used  to  be  considered  as  Permian.  The  boring  at 
Helen  in  the  north  ol  Lini))nrg,  at  a  depth  of  2.h;u  feet,  struck  rod  ^n-i- 
«tones.  which  continued  down  to  2.912  feet.  These  sandstones  the  author 
now  regards  as  being  either  Permian,  or  of  T'pper  Coal-moasure  ago.  I: 
they  are  Permian,  the  salt-bearing  bods  of  the  Zechstoin  should  Ik*  strurk 
fartlier  nortli,  and  thus  Belgium  would  j)osser%>  a  salt-field  as  well  a^  a 
new   coal-field. 

In  an  api:on(lix.  the  author  enumerates  the  proofs  of  an  easterly  extension 
of  the  British  coal-fields,  and  in  another  appendix  the  proofs  as  to  a  north- 
westerly extension   of   the    Wostphalian   coal-field. 

(3)  L'l  Hi  mil  If  tn  Ctt/n/u'm.      Ily  M.  LoHKST  ; 

(4)  H'lmtnh  iih  nt   tin    Iln<>in    llt>nilh  r  ih'   In    I'mnftin'    *tnr  I'tiiti  »/♦    ftt     !!'#  ^'ii/fi-'t*. 

/>//  A.  Haukts  : 
<5)   I*r*  ri-sinits  nlmir,A  It  r Efnii^^nir  *t  it  ht  Xtttun  (/*  t  Morts.tt  miinM^  tn   (*ntn »•*"•'. 
liy  11.  F<»KIR  ;  and 
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(6)  RicheAHttH  mini^,r€H  domaniaJfs  tn  perxpectuf:.  Hy  Emilk  Harzk  ;  Annates  (If 
la  Sori^ti^.  0^.olo(fi(/HH  de  Belijiqne.,  1902,  v<J.  xxix.^  M /' moires ^  ftayes  81-119, 
inth  2^fi(jHreM  in  the  text  and  1  pfate. 

In  accordance  with  the  predictions  of  the  geologists,  coal  has  been  at  nick 
in  the  Campine  district,  north  of  the  Li^ge  basin.  In  the  neighbourhood 
of  Asch,  about  ten  different  borings  have  reached  the  Coal-measures,  after 
passing  through  some  1,600  feet  of  barren  strata.  The  seams  are  very  rich 
in  volatile  matter,  and  their  general  tendency  to  flatten  out  seems  to  indicate 
that  one  is  here  in  the  central  part  of  a  basin.  Analysis  of  the  coal  shows 
that  it  is  comparable  to  the  coals  richest  in  gas  of  the  Mons  basin.  Pre- 
mising that  in  a  group  of  Coal-measures  the  gaseous  seams  are  generally 
the  uppermost,  and  that  the  depth  and  width  of  a  coal-basin  are  propor- 
tionate to  the  richness  in  volatile  matter  of  the  seams  which  it  contains, 
the  first  author  infers  that  the  newly-discovered  basin  is  as  deep  as  that 
of  Mons  (where  the  Coal-measures  exceed  9,000  feet  in  thickness).  He 
thinks  that  it  is  probably  more  extensive,  for  the  synclinal  folds  in  Belgium 
are  broader  the  farther  north  they  lie  from  the  Ardenne  axis  of  uplift : 
and  so  he  would  be  inclined  to  recommend  sinking  for  coal  a  considerable 
distance  north  of  Asch,  were  it  not  for  the  probably-enormous  thickness  of 
overlying  barren  strata  in  that  district.  Two  hypotheses  are  deducible  from 
the  known  facts,  namely: — (1)  The  Campine  basin  belongs  to  the  same  fold- 
series  as  that  in  which  the  Staffordshire  coal-field  lies ;  or  (2)  it  belongs  to  the 
fold-series  of  the  Yorkshire  coal-field.  Whichever  of  these  hypotheses  is  the 
true  one,  further  search  for  coal  in  a  west-north-westerly  direction  is  the 
proper  course  to  follow,  the  thickness  of  the  overlying  barren  strata  at 
Antwerp  and  thence  seaward  being  estimated  at  1,150  feet  or  less. 

The  second  author  points  out  that  the  new  coal-field  is  the  Belgian 
parallel  of  the  Essen  basin  of  Westphalia,  and  believes  that  a  similar  parallel 
to  the  Bochum  basin   will  be  struck  somewhere  north-west  of  Vise. 

With  regard  to  the  thickness  of  barren  strata  and  quicksands  through 
which  it  might  be  necessary  to  sink  before  reaching  the  coal,  he  admits 
that  for  technical  reasons  the  Kind-Chaudrou  process  is  not  applicable  at 
depths  exceeding  1,300  feet;  but  the  Tomson  process  has  been  recently  in- 
troduced in  W^estphalia  with  great  success,  and  at  Dorsten  on  the  Lippe 
(for  instance)  about  2,300  feet  of  water-bearing  barren  strata  have  been 
sunk   through    without   hindrance. 

The  third  author  deals  in  detail  with  the  probabilities  as  to  the  thicknes.^ 
and  character  of  the  barren  strata  which  conceal  the  Campine  coal- field. 
The  old  Palaeozoic  surface  appears  to  rise  westward,  whence  it  may  be 
inferred  that  the  farther  one  proceeds  in  that  direction  the  less  deep  will 
it  be  needful  to  sink  before  reaching  the  coal.  Borings  are  especially 
recommended  in  the  district  north  of  Antwerp  and  round  about  Knocke. 
Probably  about  560  feet  or  so  of  comparatively  dry  Cretaceous  rocks  overlie 
the  Coal-measures;  and  the  Cretaceous  in  its  turn  is  overlain  by  an  average 
thickness  (in  the  Campine  district)  of  1.150  feet  of  Tertiary  and  Quaternary 
deposits,  among  which  are  certainly  some   quicksands. 

The  fourth  author  examines  the  probability  that  much  of  the  new  coal- 
field underlies  State  domains,  such  as  the  military  camp  of  Beverloo  (the 
Belgian  Aldershot).  Meanwhile  borings  arc  being  put  down  everywhere 
in  the  Campine  district  with  such  feverish  haste  that  careful  records  of  the 
strata  passed  through  are  out  of  the  question,  as  far  as  these  borings  are 
concerned.     The   author    considers    that   the    State    itself    should    undertake 

•  VOL.  i.iii.-i'Hw.mos,  d 
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a  search  for  coal  in  its  Gampine  domains,  and  should  more  particularly  seek 
to  determine  the  southern  boundary  of  the  coal-field.  That  the  Bel^a 
GoYomment  will  not  improbably  include  coal-mining  among  its  multifarious 
functions,  ere  long,  is  illustrated  by  the  Bill  laid  before  the  Senate  to 
reserve  aH  State  mining-properties  the  lauds  adjacent  to  the  camps  of 
Beverloo  and  Brasschaet.  L.  L.  B. 


THE  PYRITES-DEPOSITS  OF  VEZIN,  BELGIUM. 

Description  tlet  (Hten  m^tajH\f^rtM  df.  la  Befgiqiie:  I. — ^fine  de  Pyritt  de  Vezin,  Bjf 
X.  Stain lER.  Bidletin  de  fa  Soci^t^  Beige  de  O^ologie,  de  Pat^Uclogit  tt 
d^ Hydrologies  1902,  ixV.  a:in.,  M^moireA^  pages  1-15,  triVA  1  figures  in  the  ttxt 
and  1  pfatf. 
This  memoir,  the  first  instalment  of  a  series  dealing  with  the  metalliferous 
deposits  of  Belgium,  is  devoted  to  an  exhaustive  study  of  the  Yezin  pyrites- 
deposits,  situated  on  the  northern  rim  of  the  Namur  basin.  For  the  fint 
half  of  the  nineteenth  century  oolitic  hsematite  had  been  succesrtfuUy  worked 
in  the  Yezin  dintrict  by  several  companies,  and  the  pyrites  was  aocidentallv 
discovered  in  1860-1B62  in  the  course  of  exploration -work  carried  out  in 
extension  of  some  old  mines.  These  had  been  discontinued,  by  reasou 
of  a  disturbance  in  the  strata,  which  is  a  factor  of  considerable  im- 
portance in  the  tectonics  of  the  district.  It  is  conditioned  by  the  Yezin 
fault,  which  appears  to  branch  off  from  the  great  Landenne  fault:  the 
latter  brings  the  Carboniferous  dolomites  down  against  the  Silurian  rocks. 
The  mass  of  rocks  between  the  two  faults  underwent  at  some  remote  period 
tangential  pressures,  crumpling  up  and  upheaving  the  sedimentary  deposits 
(Oolitic  hspmatite  among  them),  and  into  the  fissure  thus  caused  metalH- 
ferouH  solutions  welling  up  from  below  brought  what  the  author  terms  an 
undoubted  vein-deposit  of  pyrites.  The  fissure  was  further  filled  with  sub- 
stances broken  from  or  leached  out  of  its  walls,  and  with  its  northerly  dip  i* 
brought  up  abruptly  against  the  Yezin  fault  which  is  inclined  southward. 
The  argilluceouH  infilling  of  that  fault  probably  prevented  the  further  up- 
ward travel  of  the  metalliferous  solutions  towards  the  surface.  On  thi* 
other  hand,  where  these  solutions  met  the  haematite  they  percolated  through 
it,  following  the  general  slope  of  the  deposit,  and  altered  it  into  pyrite*. 
The  author  conrhidoH  that  the  Yezin  ore-body  is  both  sedimentary  and  meta- 
morphir,  and  remarks  that  this  is  by  no  moanH  an  exceptitmal  (H'<*urrt»ntv  in 
the  district. 

Workings  were  carried  on,  on  a  small  scale,  in  the  years  1866-lHfis.  but 
one  does  not  gather  from  the  author's  obHcrvations  that  the  metal-mining 
industry  is  now  active  there,  or  likely  to  lx»  so  again.  L.  L.  B. 


THE  rO.VL-FIELDS  OF  THE  PLATEAT'  TENTR.VL,   FRANCE. 
Snr  hx  llnMsiiiM  himUlfrx  dii   Plat*  an   Cent  ml,     liy  A.    dk  GR()M80rvRK«     i\%tH}<ff- 

rendu  d*  rAMocintion  Frftnrnixf  p<nir  rAmnrt  nunf  d*M  Sritucfji,  1902,  fmvy 

'212-213. 

On  looking  at  the  geological  map  of  the  (Vntral   Plateau  of  France.  <»Be 

notices  at  the  first   glance  the  long,  nearly   nvtilinear.  l)elt  of  c(>al-beann|r 

iH'ds  extending  from   Moulins  in   the  north   to   N^yond   Champagnac   in  the 

south,  nnd  cimtinuod  thence  by  a  series  of  small  patches  as  far  as  St.  Mamet. 
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No  doubt  the  Decise  coal-basin  on  the  north  is  also  associated  with  this  belt. 
West  of  this  Mr.  Mouret  has  traced  a  similar  belt,  indicated  by  the  "  coal- 
fields "  of  St.  Chamans  (Argentat),  VHopital,  Bougogles,  Mazuras  (south  of)  and 
Bosmoreau  (north  of)  Bourganeuf.  Those  two  belts  were  at  one  time  regarded 
as  long,  narrow  channels,  filled  up  by  the  deposits  of  the  Stephanian  age,  but 
recent  researches  go  to  prove  that  they  are  nothing  of  the  kind.  Nor  do  they 
represent  a  crushed  syncline:  most  of  them,  indeed,  are  mere  fragments 
which  have  been  preserved  by  sagging  from  erosion.  The  faults  by  which 
they  are  bounded  are  generally  reversed  faults,  and  the  author  concludes 
that  the  sagging  was  due  to  lateral  pressure,  the  sunken  masses  being  wedge- 
shaped,  with  the  thin  end  of  the  wedge  directed  upwards. 

The  faults  of  Argentat  and  Mauriac  are  of  much  earlier  date  than  the 
Stephanian  age,  and  faulting  must  have  there  been  repeated  along  the 
same  lines  after  the  deposition  of  the  Coal-measures.  L.  L.  B. 


THE   LOIRE    COAL-FIELD,    CENTRAL    FRANCE. 

Ihi  Bassin  de  la  Loire  ;  mir  fen  Tigen  dehaiU  ef  Soiiches  tnracMes^  Us  For&s  tt 

Sous-Bcis  de  VAgSfntion/ossileM,  et  stir  le  Mode  et  le  M^canUme  de  Formation 

des  CoucheH  de   HonUle  de  ce   BointH,     By  C.  Gband*Euby.      Compter- 

rendus   dn    huitihne   Congris   g^ologiqne   internaiionalf    1900   fl90l],  pages 

521-538. 

The  author  first  of  all  remarks   that  the   Loire   coal-field    is    the   most 

extensive  [in  depth]  and  the  richest  of  those  of  Central  France.     He  gives 

the  following  conspectus  of  the  strata  in  ascending  order: — 


Serial. 


Basement-breccias 

Coal-bearing  sroup  of  Rive  de  Gier      

Intermediate  barren -grits  and  conglomerates... 

Productive  series  of  St.  Etienne  

Avai2se  group,  including  the  Rochettes  seam  . . . 

Upper  micaceous  conglomerates  

Rothliegendes  (?) 

Totals 


Number  of 

ToUI 

ThickneM. 

Workable 

Thickness 

Coal  seams. 

of  Goal. 

Feet. 

Feet. 

1,312 

— 



328 

3 

33 

2,624 

— 

— 

2,952 

15 

98 

1,312 

13 

33 

1,640 

-  ■ 

— 

1,312 

— 

— 

11,480 

31 

164 

The  lower  groups  occupy  only  part  of  the  surface  of  the  coal-field,  and 
the  upper  cover  a  comparatively  small  extent — nowhere  is  the  whole  suc- 
cession to  be  seen  in  one  section.  The  author  wishes  to  prove  that  the 
coal  was  formed  in  situ,  basing  this  conclusion  on  the  very  numerous 
examples  of  rooted  trees  and  of  vegetable  subsoils  (under-clays)  found  in. 
these  Coal-measures.  He  proceeds  to  describe  in  detail  the  positions  in 
which  Stigmaria,  Syringodendron,  Caiamites,  Calamodendron,  Psaronius,  etc., 
occur  therein,  and  draws  attention  to  the  variation  in  habit  of  the  roots 
according  to  the  nature  of  the  soil  in  which  they  grew.  On  the  whole, 
he  describes  the  life-conditions  of  the  Carboniferous  flora  as  analogous  to 
thoae  of  the  vegetation  of  the  Great  Dismal  Swamp  in  the  United  States. 
Jjl  thQ  St.  Etiepne  district,  the  under-clay  is  found  not  only  at  the  floor  of 
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the  seams  but  also  within  the  seams  themselves,  being  in  such  casM  Terr 
carbonaceous. 

He  then  discusses  the  relation  between  the  rooted  trees  and  the  coal- 
seams,  rnd  puinU  out  that  at  St.  Chamond,  for  instance,  the  connexion  i» 
clear  between  the  roots  of  Cordaites  and  the  overlying  coal  formed  out  of 
the  stalV<3.  stems  and  leaves  of  the  same  plant. 

At  the  same  time  he  admits  that,  speaking  generally,  coal  is  mainly 
drifted  vegetable  matter.  Tet  all  coal  resembles  more  or  less  that  which 
has  been  plainly  formed  in  sifu — the  drifted  debris  arc  similar  in  character 
to  the  stems,  etc..  of  the  rooted  fossil  trees.  He  infers  then  that  the  con- 
stituent clementB  of  coal  were  derived  from  marshy  forests  which  were 
continuous  with  those  actually  occupying  the  basin  of  deposition,  but 
extra-Iacurttrino,  permanent,  while  on  their  floor  humU8  was  formed  much 
as  in  peat-mosHos.  On  the  other  hand,  the  conditions  of  the  basin  ot 
deposition  were  thoHO  of  a  swamp-bottom  at  the  present  day;  the  remaing 
of  (fossil)  plants  which  fell  into  the  water  at  the  edge  of  the  swamp 
ultimately  formed  stratified  deposits,  and  thus  it  is  that  certain  coal-seams 
arc  in  ]?art  derived  from  vegetation  in  nifu,  in  part  from  drifted  matter, 
much  as  the  8ubaf|uatic  peat  of  certain  marshes  of  our  own  time.  Tho 
comparative  iufreqiiency  of  coal  formed  in  /^itu  alone  may  be  explained  by 
the  fact  that  the  very  position  of  the  permanent  forest-swamps  prevented 
them  from  being  buried  soon  enough  by  a  protective  covering  of  mineral 
sediments,  and  so  they  wore  in  most  cases  swept  away.  We  have  only  n<»» 
remaining,  from  the  pi*aty  marshes  of  different  geological  periods,  the  straM 
which  lay  at  the  bottom,  and  were  sealed  up  from  destruction  by  tho 
ucciiiinilation   of  silt,  etc. 

Returning  to  the  conditions  of  f«»rmation  of  the  I^ire  coal-field,  it  appt*ar* 
evident  that  the  strata  in  wliich  the  fossil  trees  wore  rooted  wen*  in  very 
shallow  water.  The  rcjK'tition  of  root-bearing  clays  at  intervals  of  Kin  ti» 
•Tin  feci  at  Le  Trenil,  Mont  ram InTt.  etc..  shows  that  there  were  ]x*ri«Hl« 
of  slow  sagging.  When  there  is  a  groat  mass  of  strata,  intercalated  N'twooi* 
tlu"  root-beariuuf  clay.->.  as  at  IJeaubnin.  La  (irand'ConilH*,  wc  may  inf- r 
that  subsidence^  were  sudden  and  extensive.  Hut  the  preseni'e  of  a  <oal- 
sejini  ot  any  consi(lcral)le  thickness  ini])lies  a  coniparativoly  stable  conditi* 
of  the  soil.  Tlie  barren  strata  were,  in  the  author's  opinitm.  dep«»sit«*d  in 
periods  whicli  followed  on  orogenic  carth-niovcnjcnts  of  far-rc»achiiig  effist. 
There  is  a  striking  contract  betw<'eii  the  telspatlii<'  nsks  ot  the  Kive-d'- 
(iior  series  and  the  (|uart/-niica  conglomerates  which  form  the  base  nt  t lu- 
st. Ktienue  group,  and  this  jr^irial  sul>stituti<»n  can  <inly  1k»  acrountcd 
f<»r  l»y  su<h  orotjenic  movements.  Near  its  northern  bonn«i«ry,  the  Coal- 
nieasure  belt  ha-i  been  highly  nietaniorphosed  by  -ilicco-teK|  athic  sprintr- 
tlnse  at  St.  Priest  have  formed  regular  band-*  «)f  chalced(»ny  within  tin 
Coal-nieasures.  The  author  also  adduces  other  evidence  of  the  part  pl.iyid 
by  eruptive  niairina>  and  thern.al  water-  in  the  geological  hi-^tory  of  ?h-" 
coal-field. 

He  then  en(juin's  into  the  applicability  of  the  delta-theory  to  the  L«»in' 
basin,  and  finds  that  the  Coal-nie;  s:ires  were  in  part  deposited  by  a  strt-ani 
which  flowed  in  from  the  north  or  north-west,  and  in  |>art  by  nmre  ra|  id 
Htr««ams  coming  in  from  the  sf)uth.  .V  can'ful  examination  shows  that  thi- 
deposits  dovetail  into  each  other  like  wedges,  while  the  coal-aeams  are  fairly 
parallel.  L.  L.  B. 
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THK  l^LSOLITK^  IRON-ORES  OF   BRIEY,   LORRAINE.   FRANCE. 

(1)  D(:A  (iiHenw.ntH  de  Aiineraix  de.    Fer  oolithiques  tie  VArronditiHtment  dt    Brity 

(Meurthe.ef-MoJitUe)  ef  de  leur  Mode.  </€  Formntion,  By  Georges  Holland. 
CompffM-rfiiduM  dn  htiitivmc  Couifhfs  tjeo/oi/iquf  hit t-r national^  1900  [1901], 
}}aij€A  664-672,  trifh  jMfcs  X-Xl.  [luapx). 

This  memoir  is  complementary  to  the  papers  already  published  by  the 
author  in  the  Compten'r endue  of  the  Paris  Academy  of  Sciences.  In  1898, 
he  drew  attention  to  the  discovery  that  the  pisolitic  ore-belt  long  worked  in 
the  former  department  of  the  Moselle  extends  beneath  the  district  of  Briey 
into  the  department  of  the  Mouse.  This  discovery  was  the  outcome  of  two 
series  of  borings  (161  in  all),  put  down  during  the  years  1H82  to  1886  and 
1892   to    19()0. 

I'aking  into  ac(>ount  the  present  state  of  the  arts  of  mining  and  metallurgy, 
the  new  area  of  workable  ore  may  bo  estimated  at  98,840  acres,  nearly  th<' 
whole  of  which  has  been  already  parcelled  out  into  mining  concessions 
On  maps,  which  gave  the  depths  from  place  to  place  of  the  floor  of  tht 
grey  ore-bed,  the  author  plotted  out  approximately  the  curves  of  equil 
thickness  and  equal  richness  and  equal  tenour  (in  iron);  the  maps  so  con- 
structed show  that  neither  the  thickness  nor  the  distribution  of  the  ore 
l>ears  any  general,  regular  relationship  to  the  subterranean  topography  or 
to  the  position  of  the  faults. 

The  variations  in  thickness  show  that  during  the  deposition  of  the  ores 
little  synclinal  basins  were  formed  at  the  points  where  the  slope  of  the 
great  basin  was  steepest,  and  the  order  of  superpositicm  of  the  strata 
indicates  that  the  Jurassic  topography  differed  entirely  from  the  present 
topography.  The  author's  general  conclusion  is  that  the  pisolites  are  a 
sedimentary  formation  of  continental  ori<?in. 

The  maps  which  accompany  the  paper  give  a  clearer  picture  of  the  new 
iron-ore  field  and  its  characteristics  than  could  be  built  up  from  many 
pages  of  description.  L  L.  B. 

(2)  Le   iJUevieiU  df,    Miucrai  d*'   Ftr  oo/ifhit/ue  dt  la   Lorraim.      By  Fkan'(;ois 

Villain.  Annales  d^^n  Mitiej*,  1902,  ierici  10,  vol.  /.,  fMtye.^  113-220  mid 
223-322,  irifh  Qjigures  in  the  text,  2  rertkal  sectioii^  and  8  pfahs. 

The  nine  chapters  of  this  elaborate  memoir  and  it«  wealth  of  illustrations 
form  a  perfect  cyclopaedia  of  all  that  is  at  present  known  regarding  the 
pisolites  of  French  and  German  Lorraine,  and  the  bordering  districts  of 
Luxemburg.  It  is  true  that  the  author  leaves  out  of  count  the  Nancy 
basin,  as  being  familiar  and  as  having  failed  to  give  rise  to  any  interesting 
discoveries  of  late  years;  whereas  the  Briey  basin,  to  which  he  devotes  con- 
siderable attention,  has  only  l)een  thoroughly  investigated  as  recently  as 
1894-1899. 

The  annual  production  of  the  entire  region  reached  in  1900  the  total  of 
18.000,000  tons  of  ore.  The  workable  area  is  estimated  at  about  260,000 
acres,  and  the  amount  of  available  ore  at  5,000,000,000  tons.  The  age  of 
the  rocks  in  which  these  pisolites  occur  is  undoubtedly  Oolitic:  the  strata 
at  the  surface  belong  to  the  Bathonian  division  of  that  system,  but  the 
ores  have  to  be  reached  by  means  of  shafts  in  many  cases  600  and  8(X) 
feet  deep.  No  less  than  seven  French  companies  have  put  down  or  are 
putting  down  such  shafts,  although  in  former  days  the  State  used  to  work 
the  ores  by  means  of  adits  driven  in  the  hillsides,  or  even  opencast.  Such 
indeed   are  the  methods  of   working  still   carried   on   in   Luxemburg,   which 
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duchy  produces  a  third  of  the  total  annual  output.  In  German  Lorraine 
many  of  the  mines  have  to  be  drained  by  powerful  pumping-engiiiM. 

Details  are  given  of  various  borings,  showing  several  seams  of  pisolite 
intercalated  among  limestones  and  marls.  When  completely  developed  the 
ore-formation  ranges  between  80  and  160  feet  in  thickness,  but  it  thins  out 
gradually  to  nothing  towards  the  edges  of  the  basins.  In  the  Nancy  dis- 
trict, the  thickness  never  exceeds  33  feet.  The  good  average  quality  of  ore 
contains  about  42  per  cent,  of  metallic  iron  and  2  per  cent,  of  phosphoric 
acid:  some  extraordinarily  good  samples  contain  as  much  as  60  per  cent, 
of  metallic  iron. 

In  his  preamble  to  an  exhaustive  review  of  the  literature  of  the  subject, 
the  author  points  out  that  all  writers  have  invariably  laid  great  stress  on 
the  faults  which  cut  through  these  Lorraine  deposits,  while  at  the 
same  time  explicitly  or  implicitly  asserting  that  the  aforesaid  faults  played 
no  part  in  the  distribution  of  the  ores.  The  author,  however,  holds  a 
diametrically  opposite  opinion,  as  to  some  of  the  faults  at  any  rate,  which 
ho  terms  failles  juturrici^res  ("  feed  *' — or  **  supply-faults,*'  if  we  view  the  ore 
in  the  light  of  material  that  is  **  fed "  or  "  supplied "  to  a  particular 
locality).  He  appeals  to  the  late  Mr.  Godwin-Austen's  theory,  more  recently 
expanded  and  illustrated  by  Prof.  Marcel  Bertrand,  of  the  superposition 
and  repetition  through  successive  geological  ages  of  synclinal  and  anticlinal 
folds  in  a  given  region,  and  a  similar  repetition  of  fractures  along  the 
same  lines.  The  rich  ore-deposits,  in  the  present  instance,  occur  in  th«» 
synclines,  and  are  literally  basins. 

The  hypothesis  of  "supply-faults"  is  enunciated  as  follows:  — 

(1)  The  iron-ore  was  brought  to  the  sea-bottom  by  fissures  in  the  earth's 
crust  through  which  thermal  springs  welled  up,  carrying  the  iron  chiefly 
in  the  form  of  carbonate.  This  carbonate  was  subsequently  decomposed  by 
the  sea-water,  and  threw  down  a  pulverulent  precipitate  of  oxides  which 
enriched   the   contemporaneous   sediments. 

(2)  When  the  deposit  was  abundant,  a  bed  of  ore  was  formed  not  only 
in  the  neighbourhood  of  the  thermal  .springs,  but  extended  over  an  area 
which  was  dependent  on  the  strength  of  the  currents  and  the  topography 
of  the  soa-l)ed,  as  well  as  on  the  amount  of  ferruginous  material. 

(3)  It  is  inferred  that  the  most  abundant  emissions  of  ore  took  plai-e 
precisely  through  those  fault-fissures  which  are  still  conspicuous  by  their 
downthrow,  in  comparison  with  the  other  faults.  It  is  not  asserted  that 
the  present  surface-relief  of  the  deposits  is  actually  identical  with  that  of 
the  Toarcian  sea-bed,  but  that  it  is  very  similar  to  it. 

(4)  The  cessation  of  the  ferruginous  thermal  springs  marks  the  cKwe 
of  the  Toarcian  era  of  dislocation  and  the  beginning  of  the  Bajocian — an 
era  of  lran(|uil  depositicm,  as  shown  by  the  fairly  uniform  thickness  (often 
more  than  KM)  feet)  of  the  micaceous  marls  which  mantle  over  the  entire 
ferruginous  formatiou. 

The  third  chapter  is  taken  up  with  the  description  of  the  Longwy  basin, 
the  fourth  with  that  of  the  Landres  bahiu,  the  fifth  with  that  of  the  Ottangt^ 
Tu('([ucguieux  basiu,  and  the  sixth  with  that  of  the  Ome  basin.  In  the 
seventh  chapter,  the  author  deals  with  the  origin  of  the  silica  and  alnmina 
contained  in  the  ores  and  with  that  of  the  carbonates.  In  the  eighth 
chapter  he  shows  that  the  phosphorus  assoi*iated  with  these  ores  is  not.  at 
was  long  Ix>lieved,  of  organic  origin;  and  in  the  ninth  chapter  he  empha<iiic« 
and  n^-asserts  his  hypothesis  of  "  supply-faults."  which  themselves  originated 
in  eruptive  phenomena.  L.  L.  B. 


tRANsAcTidNs  And  i*EfeloDicAts.  66 

MINERALS  OF  CENTRAL  FRANCE. 
Excurnon  d  quel^ues  GUes  mirUraux  et  m^tallifirtH  du  Piateau  central.     By  L.  DE 
Launay.      Comp(ej*-rendu8  du  huitiime    Congr^H   g^dogique    ifUemalioncU^ 
1900  [1901],  pages  938-970,  with  11 /gitrcM  in  the  text. 

PiscdUic  Iron-ores  of  Berry, — These  orea  occur  scattered  about  in  pockets 
over  a  radius  of  about  25  miles  around  Bourges.  They  are  worked  by 
shallow  pits  which  are  necessarily  sunk  in  a  rather  haphazard  way,  as  it 
is  not  always  certain  where  or  whether  the  ore  will  be  met  with,  and  the 
workings  are  being  constantly  shifted  from  one  locality  to  another.  The 
total  output  for  1900  is  estimated  at  about  30,000  tons,  and  the  number  of 
workpeople  employed  at  the  seven  or  eight  mines  now  in  operation  is  50  or  so. 

These  ores  are  in  no  way  connected  with  those  of  Mennetoux,  of  Nco- 
comian  age,  in  the  north  of  the  department  of  the  Cher,  of  which  Bourges 
is  the  chief  town.  At  Mennetouz,  mining  has  been  re-started  quite  recently 
and  the  industry  has  developed  enormously  from  1899  onwards.  In  that 
year  the  output  was  30,000  tons. 

The  average  percentage  composition  of  the  pisolitic  ores  is  as  follows:  — 
Peroxide  of  iron,  5870;  lime,  1-20;  alumina,  1210;  silica,  10*60;  phos- 
phorus, 0*20;  sulphur,  traces;  manganese,  not  estimated.  But  other 
analyses  show  that  the  percentage  of  alumina  in  some  cases  is  as  high  as 
23,  and  that  of  silica  11-5  (ores  of  St.  Florent). 

The  so-called  "  siderolithic  '*  formation,  to  which  the  ore-pockets  belong, 
extends  over  a  vast  stretch  of  country,  and  is  in  part  overlain  by  lacustrine 
limestones  correlated  with  the  Oligocene  limestone  of  Brie.  The  forma- 
tion has  all  the  characteristics  of  a  shallow-water  deposit,  laid  down  at  a 
time  (when  sedimentation  was  not  very  active)  following  upon  a  long  period 
of  upheaval.  The  pisolites  are  associated  with  mottled  clays,  which  in 
places  contain  dark-yellow  or  red  rounded  alumino-ferruginous  nodules, 
and  there  is  an  almost  insensible  gradation  from  these  into  the  pisolites. 
The  last-named  are  especially  abundant  at  the  base  of  the  clay.  The 
pockets  occupy  hollows  eroded  out  of  the  Jurassic  limestone,  which  itself 
shows  sig^  of  intense  alteration  around  these  hollows.  The  author  does 
not  believe  that  the  hollows  were  formed  by  any  deep-seated  phenomena 
of  dislocation.  On  the  other  hand,  he  holds  that  the  siderolithic  clays  are 
not  mere  decaiciiication-products  of  the  limestone  due  to  pluvial  action,  but 
that  they  must  have  been  formed  in  pools  or  lake-basins,  wherein  a  good 
deal  of  carbonic  acid  (derived  perhaps  from  thermal  springs)  was  in 
solution.  The  presence  of  this  acid  would  be  a  potent  factor  in  eroding 
hollows  out  of  the  limestone-bed  of  the  lake. 

Amblygonite-mine  of  Montehras  (CreuseJ. — ^Thia  mine,  formerly  worked 
for  tin,  is  now  the  sole  existing  source  of  amblygonite,  a  mineral  utilized 
for  the  production  of  lithia,  of  which  it  contains  from  6  to  8  per  cent.  The 
author  remarks,  by  the  way,  that  the  lithia-industry  is  practically  the 
monopoly  of  Bonn-on-the-Khine :  besides  amblygonite,  lithia-bearing  micas 
are  there  used  up,  imported  from  Moravia,  from  Ch^deville  near  Limoges, 
and  from  Zinnwald  in  Saxony.  The  mineral  output  of  Montebras  is  about 
100  tons  per  annum.  For  some  time  the  amblygonite  was  got  by  simply 
overhauling  the  waste-heaps  of  the  old  tin-mine,  and  only  recently  have 
workings  been  begun  below  bank.  Even  so,  they  have  not  as  yet  gone  below 
the  superficial  kaolinized  belt,  where  the  rocks  are  altered  by  all  sorts  of 
secondary  action,  or  have  been  disturbed  by  the  ancient  tin-workings.  The 
country-rock   would   appear  to   be    a   porphyroidal   granulite    with    primary 
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quartz:  this  is  seamed  by  veins  in  which  amblygonite  is  associated  with 
quartz  and  tinstone.  Moreover,  the  entire  mass  of  the  granulite  is  mon* 
or  less  stanniferous.  The  principal  *'  vein  "  is  some  4()  feet  long,  with  a 
maximum  breadth  of  13  feet. 

Antimnny-minc.  nf  Monfiij/iaf  ( AllifrJ. — This  mine  i.s  more  interenting.  a?* 
iieing  a  sample  of  the  many  antimouite-deposits  scattered  about  the  Central 
Plateau  of  France,  than  important  industrially.  It  has  been  worked  and 
then  abandoned  again  several  times  over,  since  it  was  tirst  started  in  17Ki. 
The  ore  occurs  in  a  st(K'kwork  of  quartz,  in  a  dyke  of  g^anulite  which  cut« 
through  a  granite-gneiss  on  the  right  bank  of  the  Cher.  1\  miles  atxive 
Chambouchurd.  I'lic  granulite  strikes  40  degrees  north,  and  dips  steeply 
eastward.  The  antimouite-veinluts  are  extremely  irregular,  and  their  thick- 
ifess  varies  from  ^  to  1  inch.  Sometimes  mispickel  is  associated  with  them 
very  rarely  the  antimony-ore  is  found  to  swell  out  into  lenticles  several  incheb 
thick.  The  age  of  the  deposit  is  intermediary  between  the  Dinantian  and 
the  Stephanian  (stages  of  the  Carboniferous  system).  The  author  propocieii 
shortly  to  publish  a  detailed  monograph  on  the  antimony-<ires  of  the  Centml 
Plateau. 

Kaolin-miin-  (tf  Lrn  CuUtttrn  (AllifrJ. — These  mines  are  worked  in  the  de- 
composition->>elt  of  u  white-mica  granite  or  granulite.  which  forni2»  au 
isolated  mass  uniid  the  mica-schists.  The  workings  have  proved  the  limit  in 
depth  of  the  kaolinized  belt,  and  therefore  disprove  definitely  Prof.  Daubree's 
theory  that  kaolinization  is  an  ancient  phenomenon  due  to  the  action  of 
stanniferous  Hunrides.  It  is  evidently  connected,  on  the  other  hand, 
with  the  recent  action  of  surface-waters.  Three  main  reefs  of  quarts  stand 
out  in  the  opencast  workings,  and  where  they  are  intersected  by  crotis- 
veins,  kaolinization  has  been  most  active  (owing  to  the  more  rapid  cirtu- 
luti<m  ol  pcnolating  waters),  remiuding  one  of  the  enrichment  of  metalli- 
ferous veins  at  intersections.  The  classic  kaolin  of  St.  Vrieix.  near 
Limoge-.,  is  ])urer  than  that  of  Les  Collcttes,  because  it  is  the  deconi posit ioii- 
produ<t  of  a  p(>gniatite.  instead  of  >)eing  that  of  a  granulite. 

Sf.  FJitif  Cnifitri/. — This  mine  is  on  the  strike  of  a  long  rectilinear  belt 
of  Coal-iiicahurcs  which  cuts  diagonally  across  the  Central  Plateau.  This* 
is  not  simply  a  <hain  of  ancient  lakes,  or  the  mere  infilling  of  some  ancient 
basin:  it  is  generally  transverse  tt»  the  ancient  folds,  and  appears  to  haw 
resulted  troin  a  great  <lisl(K'ation  which  took  pla<i'  at  some  time  )>etween 
the  Dinantian  and  Steplianian  epochs.  The  Coal-mcasun's  undt»rwent.  nmrf- 
over,  intense  transver-x'  comprc^-ion  exten<lintj  over  a  long  j)eri«Ml.  with  tin 
result  shown  in  the  author's  sections,  where  the  contorti<ms.  the  overlold*. 
and  the  irregular  thickening  and  thinning  ol  the  <*oal-seams  are  extn-nie. 
The  Mtr.ita  are  uiiiinly  shales  and  grits,  eoiiglomerates  lK*ing  p»M>rly  re- 
j)re><iiite'l  when  sueh  d«)  oecur.  they  are  mainly  made  up  of  gneiss-j)ebbU - 
The  t-oal  i-  mostly  -rini-Iignitous.  burns  with  a  long  flame,  and  is  giM>d  t"i 
household  ))ur|)o-^es  th(>  upjx'r  and  middle  seams  alone  are  worked,  tin 
lowernui-t  seam  being  still  unworked. 

On  the  north  the  coal-belt  narrows  suddenly  .ind  all  but  diAappear^ 
lM'twe«*n  St.  Dloy  and  La  Peyrouse,  but  its  course  can  generally  be  followed 
by  traeing  a  blackish  clay:  at  Montmarault  the  Coal-meawures  re-appi',»r 
with  a  breadth  ot  Xin  to  r)Ul  feet.  an<i  broaden  out  mi>re  and  nion*  un'i. 
abreast  ol  .Nnyant  t ln'y  reach  their  maximum  width  in  thi^  n'gion.  th.i!  i-. 
more    than   2   mil<"^. 

I'lienomeua  ol    r«»ntaet-alteration   of  coal    are   noticed   at    St.    Klov.     'Ih»n 
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is  a  rock  termed  "  white  bind  "  or  gore  (which  plays  a  part  Bimilar  to  that 
peculiar  to  the  porphyrites  of  Coinmentry)  particularly  in  connection  with 
the  top  coal-seam.  At  the  contact,  the  coal  is  hardened,  graphitized,  and 
contains  small  veinules  of  crystallized  baryte  (no  doubt  derived  from  the 
orthoclase-felspars  of  the  "  white  bind'*). 

Asphdli-minei  of  Pont  du  Chdttau  (Puy  de  Dome). — Over  an  area 
measuring  about  lUl)  square  miles,  between  Clermont-Ferrand,  Kiom,  and  the 
river  AUier,  bitumen  and  asphalt-deposits  are  numerous  amid  the  Tertiary 
beds  associated  with  the  younger  basalts.  North  of  the  area  of  basaltic 
eruption,  the  Tertiary  strata  c<mtain  no  bitumen,  but  south  of  it  bitumen 
is  found  in  the  Ilelix-Ramondi-limesioU'CB  (Aquitanian)  of  Pont  du  Ch&teau 
and  Les  Roys,  in  the  Upper  Tongrian  marls  of  Puy  de  la  Hourrifere,  in  the 
sands  and  arkoses  of  Lussat  and  L'Escourchade,  etc. 

The  asphalt  in  the  Pont-du-Chateau  mines  wcurs  as  a  distinctly 
localized  impregnation  in  a  bed  of  concretionary  Hflix-Jiamondi'limeatone 
(from  13  to  2()  feet  thick)  overlain  by  grey  marly  limestone,  and  underlain 
by  other  marly  limestones.  The  impregnation  is  manifestly  of  later  date 
than  the  deposition  of  the  limestone  in  which  it  occurs,  and  its  concentration 
there  is  probably  due  to  the  argillaceous  character  of  the  overlying  and 
underlying  l)eds.  The  asphalt  appears  to  have  come  from  below,  as  indicated 
by  the  prcHence  of  small  veins  of  it  in  the  floor  of  the  limestone-bed.  A 
sample  of  the  asphalt,  analysed  at  the  Paris  School  of  Mines,  was  found 
to  contain  2-69  per  cent,   of  sulphur. 

The  Manganese-mi  lit;  A  of  Romaneche  (Sa&ne  ef  Loire). — These  mines  show 
an  annual  output  of  11,0(X)  tons.  The  ore  contains  neither  phosphorus  nor 
sulphur,  and  hardly  a  trace  of  arsenic;  it  is  chiefly  used  for  metallurgical 
purposes,  but  some  of  the  richer  ore  (containing  55  per  cent,  of  manganese) 
is  sold  in  the  form  of  powder  to  glass-factories.  The  deposits  were  dis- 
covered in  1750,  and  worked  for  the  first  time  in  1823.  At  present,  two 
kinds  of  ore-bodies  are  being  worked: — (1)  A  primary  vein-deposit  in  granite, 
and  (2)  a  mass  which  otr.urs  amid  the  sedimentary  strata  of  Trias,  Rhsetic, 
and  Toarcian  age  that  abut  on  the  granite,  and  is  manifestly  of  secondary 
origin. 

One  peculiarity  of  the  psilomelane  of  Romaneche  is  the  constant  asso- 
ciation of  baryte  with  the  ore.  Among  other  associates  are  fluor-minerals 
and  silica.  Calcite  is  entirely  absent  from  the  vein-deposits,  but  occurs  in 
the  secondary  deposits.  Another  peculiar  feature  is  the  gradual  replace- 
ment of  the  manganese  by  iron,  at  depths  varying  between  26()  and  330  feet. 
At  260  feet,  tlje  ores  only  contain  8  per  cent,  of  manganese.  Down  to  this 
depth,  the  greatest  so  far  worked  in  the  mine,  the  granite  country-rock  is 
completely  decomposed,  and  the  (rri/ph<t:a-\ime8tone  in  which  some  of  the 
secondary  deposits  occur  crumbles  to  dust.  The  abundant  mine-waters  are 
highly  charged  with  sodium  and  magnesium  chlorides. 

For  further  details  regarding  most  of  the  deposits  described  in  this 
memoir,  the  author  refers  the  reader  to  his  Traits  <7rv»  Gites  mitUraux  et 
mtfalliftruM  and  the  bibliographical  list  which  accompanies  it. 

L.  L.  B. 
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THE   KAOLIN   OF  fc^r.   YKIEIX,   FRANCE. 

Oft/iervatioiui  nur  les  Kcu)liiui  (U  Saint -Yrieijc,      By  L.  dk  Launay.     AnnaitM  dcA 
MintM^  1903,  ntrieM  10,  vol,  tit,,  pagtM  105-115,  omd  Sfiguroi  in  the  text. 

The  author  does  not  agree  with  those  who  attribute  to  kaolin  »  deep- 
seated  origin,  but  regards  it  as  a  product  of  surf  ace-decomposition.  He 
claims  the  deposits  herein  described  as  so  much  additional  evidence  in 
support  of  his  views. 

The  kaolin-quarries  of  St.  Yrieix  occupy  a  belt  some  12  miles  in  length 
t)  the  east  of  that  town,  ranging  towards  CoUHsac-Bonneval  and  Mongibaud 
along  a  fairly  level  plateau,  at  an  average  height  of  1,200  feet  above  the 
sea.  These  quarries  have  l)een  renowned  since  1765  for  the  superior  quality 
of  the  kaolin  which  is  got  from  them;  but  they  are  being  gradually  worked 
out,  and  the  annual  production  is  now  much  reduced.  The  increased  cost 
of  working,  the  exhaustion  of  the  deposits  in  depth  (they  are  rarely  worked 
more  than  130  feet  below  the  surface),  and  the  competition  of  Cornish 
kaolin,  are  all  factors  which  have  conduced  to  this  diminution. 

The  mineral  is  derived  from  the  decomposition  of  pegmatites  properly 
so-called,  and  also  from  exclusively  felripathic-rocks  such  as  arc  sometimes 
associated  with  granulites:  these  occur  as  veins  seaming  the  CTystalline 
schists.  Some  of  the  kaolin-"  veins  *'  occur  in  the  midst  of  amphibolitet 
(hornblende-rocks),  the  blackness  of  the  latter  showing  up  the  brilliant 
whiteness  of  the  former:  such  is  the  case  at  Marcognat,  of  which  quarry 
the  author  figures  a  section  taken  in  1902.  The  purity  of  the  mineral  is 
due  to  the  fact  that,  in  the  undecomposed  vein,  felspar  occurred  alono  or 
associated  only  with  quartz,  but  in  any  case  quite  free  from  mica. 

L.  L.  B. 


HROWN    COALS    IN    THE    PROVINCK    OF    POSKN.    PRUSSIA. 
Btitratf   zur   Keunfiiis  dtr   BrfinnkohlLnaUmjcruiuj    in    ibr    Provinz    l*o^n,       Hy 
—  KKU(i.     Zf^iffichrij'f  /iir  jtrttk'ti.Hche  iitol<yji(,  1902,  ^'^J,  jr.,  ptttfts  53*5o,  jti'/A 
1  ftjurtf  in  th*  frj'f. 

The  l)r()wu  coals  which  have  been  worked  of  recent  years  near  St<»pk.i. 
about  10  miloK  north  of  Bromberg,  are  of  considerable  importance  for 
Eastern  Prussia,  as  they  have  given  rise  to  a  flourishing  mining  industry. 
The  age  of  the  seams  remains  as  yet  undetermined :  they  are  underlain  )>y 
white  micaceous  quartz-sands,  and  overlain  by  blue  and  grey  clays  (some- 
times mottled  with  red  and  yellow  bands).  Hie  last-named  constitute  the 
so-called  "  Posen  tire-elay."  which  Dr.  Berendt  considers  to  l)e  Of  Mioi'om^  ago. 
If  his  assumption  were  corn'ct,  the  brown  coals  would  then  probably  bi 
Vpi)crniost  Oligocenc  or  Lowermost  Miocene.  I'udcr  alH>ut  GO  feet  of  clay 
come  live  coal-seams,  the  higher  of  which  vary  in  thickness  from  4  inches 
to  -i  feet  or  more,  while  the  lowest  is  10  feet  thick.  They  iK'cur  in  a  saddle 
(anti<line  and  syudine)  which  extends  for  more  than  a  mile  and  a  quarter 
from  north-west  to  south-east.  The  crest  of  the  anticline  rises  to  within 
(i.'>  le<*t  of  the  surface,  but  the  crest  is  itself  undulating,  forming  thus  wveml 
small  basins.  Borings  have  shown  that  the  seams  tm  the  northern  limb 
dip  much  more  regularly  than  on  the  southern:  further  investigation  shown 
the  seams  on  the  south  to  be  completely  turned  over,  and  to  be  so  **  smashed 
up"  that  the  coal  is  ground  to  dust. 

The  alM)ve-described  Tertiary  strata  are  overlain  by  the  Glacial  Drift 
(sands,   gravels,    and    boulder-clays),    and    the    Drift    is,    of   coume.    thicki*>: 
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(150  feet)  where  the  Tertiary  is  least  disturbed  and  the  coal-seams  are 
practically  horizontal.  A  small  but  persistent  seam  of  ligpiite,  about 
1  inch  thick,  occurs  in  the  Drift. 

It  Beems  possible  that  the  abrupt  folding  of  the  Tertiary  strata  is 
assignable  to  the  "  thrust  **  or  "  push  "  exerted  by  the  advancing  icecap 
during  the  Glacial  Period.  L.  L.  B. 


THE    MAIN    EASTERN    FAULTS    IN    THE    AIX-LA-CHAPELLE    COAL- 
FIELD, GERMANY. 

Die  aiftlichen  HaupUitdnuujen  im  Aabchener  Becken  mil  heaowiertr  Beriichnchtigmig 
ihres  Alters.  By  —  Jacob.  Ztitschrift  fiir  praktUche  Geologity  1902,  vol.  x., 
pages  321-337  and  1  plcUe, 

The  three  great  faults  described  in  this  paper  strike  practically  across  the 
strata,  from  south-south-east  to  north-north-west,  with  a  general  north- 
easterly hade.  They  are  known  as  the  Miinstergewand,  the  Feldbiss, 
and  the  Sandgewand.  Between  the  two  last-named  another  g^eat  fault-line, 
known  as  the  western  main  fault,  has  been  recently  discovered  in  the 
Nordstem  colliery. 

The  evidence  furnished  by  63  bore-holes,  full  details  of  which  are 
appended  to  the  paper,  as  to  the  varying  character  and  thickness  of  the 
Tertiary  cover,  leads  the  author  to  the  following  conclusions.  The  strata 
continued  to  sag  along  these  fault-lines  even  after  the  deposition  of 
the  Miocene  beds,  but  on  the  other  hand  faulting  must  have  started  long 
before  then.  The  doMOithrow  within  the  Tcrtiaries  is  less  than  that  proved 
within  the  Coal-measures:  for  instance,  a  difference  of  level  in  the  latter 
of  1,050  feet,  becomes  only  426  feet  in  the  Upper  Oligocene  marine  sand- 
stones. This  is  explained  on  the  hypothesis  that  sagging  took  place  re- 
peatedly along  these  fault-lines,  to  some  extent  long  before  the  deposition  of 
the  Tertiaries,  and  to  some  extent  after  the  deposition  of  the  Miocene. 

The  circumstance  that  the  Goal-measures  formed  an  even  surface  at  the 
time  when  the  Tertiary  rocks  began  to  be  laid  down  in  the  Aix-la-Chapelle 
region  does  not  invalidate  these  conclusions.  The  denudation  extending 
over  the  long  time-interval  between  the  Upper  Carboniferous  and  the  Upper 
Oligocene  was  sufficient  to  pare  down  such  inequalities  of  level  as  may  have 
arisen  through  the  sinking  of  different  '*  fault-blocks."  L.  L.  B. 


THE  SEARCH  FOR  COAL  IN  SAXONY. 

]Vo  kdwUe  in  Sachten  iioch  auf  Steinkohle  tjebohrt  tverden/  By  K.  Dalmeb. 
ZeiUchrtfi  fur  prakti«che  Otologity  1902,  /-o/.  x,,  paijtn  223-225;  aiui  1903, 
iHjl,  art.,  pages  121-123. 

The  author  considers  that  within  the  next  30  or  40  years  many  of  the 
Saxon  collieries  must  needs  be  shut  down,  owing  to  the  exhaustion  of  the 
dei>osit8.  Compensation  for  this  diminution  in  coal-output  can  only  be 
sought  by  opening  up  fresh  coal-fields,  and  the  question  then  immediately 
arises  as  to  what  localities  are  likely  to  afford  some  prospect  of  successful 
boring-operations. 

The  boring  put  down  by  the  Prussian  Government  in  the  years  1880-1886, 
at  Schladebach,  near  Merseburg,  struck  the  Upper  Coal-measures  at  a  depth 
of  2,102  feet,   and   passing  through   a   thickness   of  these   measures   of  no 
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less  than  :J,247  feet  (all  comparatively  barren)  was  stopped  in  Tpper 
Devonian  shales.  Another  boring,  which  did  not  go  down  to  quite  su 
great  a  depth,  at  Diirrenbcrg,  showed  a  vast  thickness  of  Upper  Car- 
boniferous rocks  there  also,  but  again  without  any  coal-seams.  Varioufi 
stratigraphical  reasons  arc  adduced  to  show  that  the  Coal-measures  really 
ext<^nd  much  farther  than  is  generally  suspected  in  the  eastern  part 
of  the  province*  of  Saxtmy  and  thence  into  the  Leipzig  district  within  the 
kingdom  of  Saxony  itself,  until  their  further  extension  is  barred  by  the 
concealed  Archaean  ridge  which  stretches  from  Leipzig  to  Hiesa.  No  borings 
have  as  yet  been  carried  far  enough  down  in  the  district  north  of  Leipzii? 
to  prove  the  Coal-measures,  but  the  exp<*rimcnt  Hccnis  worth  trying,  and 
the  author  recommends  also  that  boring-operations  Hhould  be  started  iu 
the  northern  part  of  the  Permian  basin  of  Central  Saxony,  and  csptHially 
l)etween  liorua  and  Lucka.  One  could  hardly  h<ipe  for  definite  results 
without  going  down  to  a  depth  of  al>out  2,()00  feet. 

With  regard  to  the  Erzgebirge  basin,  an  extension  of  the  known  coal- 
fields can  only  >h>  looked  for  in  its  southern  part,  and  the  author  holdi^  that 
the  best  locality  for  a  trial-l^oring  would  be  somewhere  to  the  south  ot 
Werdau.  Here  again,  it  would  be  necessary  to  go  down  to  a  depth  of  at 
least  2,0(K)  feet.  Another  good  locality,  for  which  reasons  an.'  adducfd 
would    appear    to    Iw    Coselitz,    between    Kiesa    and    Elsterwerda. 

L.  L.  «. 


MAKINK    FOSSILS    IN    TIIK    COAL-MEASUKKS    OF    rPPKR    SILKSIA. 

PRUSSIA. 

Suit  r  Fuinlpimkf  ran  mariwr  Fauna  l/n  Olnr^rhlixixrhni  Sft  inkoh/i  inj*  hir*/* .  /»<y 
R.  MlCHAKL.  ZfitMihri/f  ih  r  Ihiit^vhtu  (ft  (t/tujisrhf  n  U*  .^tll.^thaO,  1<M>"J.  '■«-■. 
///•.,  Prntokotit,  fHujtH  63-(Ui. 

The  upjM'rmost  group  of  the  Carl»onitcrons  in  the  provint-e  ot  IjijHr 
Silesia  contains  exclusively  brackish-water  or  freshwater  forms  ot  lit*. 
So  too  d<K's  the  Middle  or  so-called  "Saddle"  jj^mup.  im|M)rtant  iu  Cp)  tr 
Silesia  tor  the  numlM>r.  thickness,  and  (piality  of  its  coal-seams.  In  thi 
Lower  or  Horder  group  (correlated  with  the  Ostrau  series)  marine  organi«4n> 
come  in.  They  have  been  found  at  many  <liflerent  horizons  in  all  the  dei  ]> 
borings  in  the  western  portion  of  the  ti«*l(l.  The  marine  fauna  tiM>  h.i> 
U'en  proved  immediately  below  the  |  bottom  ]  seam-;  <»l  the  Middle  group 
in  the  main  "  saddle  "  which  strike«<  eastward  from  Zabrze,  arrows  Mt>rgiii- 
roth,    Konigshiitte,   an<l    Myslowitz   into   l^issian    territi>ry. 

In  this  j)ap<*r.  the  author  describes  the  occurrence  at  Kadzionk.ni.  ■•: 
three  marine  launas  at  as  many  different  horizons,  brackish-water  nrij.in- 
isins  (such  as  Aitthrants'io)  occurring  at  an  Imrizon  between  the  two  l«»wtrm«.-T 
marine  faunas.  Various  species  of  l*r'»turtu.<,  fjim/uia,  Aviniltt/nrhn,  .Vu-h/'I 
Lt'ia,  Orf/i'in  rn<,  /hlltmphnii.  Pit  urnfnmnria,  and  <»ne  trilobite  ^  77i»7/»/.*'ii . 
were    obtained,    lM»8ides    un<leterminable    fragment**    of   goniatites. 

L.  L.  H. 

THK    PKRMIAN    AM)     IIMAS    OF     Till:    IH  HR    t'OAL-FIF.LU 

Ziir  A'»  imhii'*>ft  r  ////a-*-  um/  Triasii}tl,t,i,  iHnift  ti  tin  linhrknhlf  iin  rtt  r.     /»»/<ioTTKkiri» 

Ml  i.ir.K.     Z'it^rhrii't  I'u,  fn-nltl^.h.  f ;..,•:..,:.  ^  1<H)|.  ,/,'.  ir.^f.i.,..  :ts,-i.:{s7. 
1  he    « nrcs    ot     a     boring    at     Kiicligell     Heath,     south-west     ot      l)«»r-tiii 
examined*  by  the  author,  showed  Hi  feet  of  porouH  dobtmite  with   undoub'fii 
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Permian  fossild,  at  a  depth  of  1,404  feet  from  the  surface.  At  the  Oladbeck 
colliery,  the  cavities  in  similar  dolomite  are  in  part  encrusted  with  copper- 
ores,  and  the  dolomite  is  underlain  by  3  feet  or  more  of  thinly-bedded 
anhydrite  and  gypsum.  In  the  Springfield  (Kirchgell)  boring,  the  base- 
ment of  the  Permian  is  formed  by  a  conglomerate  about  20  inches  thick, 
and  below  this  comes  30  feet  of  red-stained  shales  and  clays,  followed  by  the 
uppermost  coal-sean)s. 

In  Ihe  Vreden  boring,  near  Ahaus,  rock-salt  is  proved  between  the 
depths  of  1,285  and  1,370  feet.  It  may  be  inferred  to  be  of  Keuper  age,  ana 
below  it  comes  some  1,600  feet  of  Bunter  Sandstone. 

At  the  Preussen  II.  pit,  below  1.170  feet  of  Cretaceous  and  Neocomian 
beds  the  Red  Rocks  are  struck :  the  uppermost  of  these  are  shown  by  the 
plant-remains  to  be  of  undoubted  Rothliegendes  age.  Lower  dovm  occur 
shales  with  striations  which  the  author  believes  to  be  "  palaeoglacial."  He 
adducort  the  evidence  which  tells  against  their  being  Kilickensides  or  thrust- 
phenomena.  These  shales  are  below  the  basement-conglomerates  of  the 
Rothliegende,  and  it  is  pointed  oiit  that  an  enormous  period  of  time  must 
have  elapsed  between  the  first  deposition  of  that  formation  and  the  last 
deposition  of  the  highest  seams  of  the  underlying  Gas-coal  group. 

L.  L.  B. 


THE    NEWER    STRATA    OVERLYING    THE    RUHR    COAL-FIELD, 
GERMANY,    AND  THE  WATERS   W^HICH   THEY   CONTAIN. 

C/rher  die  hechjf.hirgsHchichttn  des  Ruhrkotdtiihecktiif<  uiui  dtrtn  WfutMer/iihmrnj. 
By  Dk.  a.  MiDDEUSCiiULTE.  Ztitxchriff  fur  dax  fitrg-,  Hutfen-  nnd  Salinfn- 
irtftfu  ini  Prtujisincheii  Sfaafej  1902,  ro/.  /.,  AhhamUniifffU,  patfts  320-345. 

In  the  east  of  the  Ruhr  coal-field,  the  Carboniferous  strata  are  im- 
mediately overlain  by  the  Upper  Cretaceous,  but  in  the  west  the  Zechstein 
(Permian)  and  Triassic  Bunter  Sandstone  Series  intervene  between  the  Chalk 
and  the  Coal-measures.  At  Gladbeck,  the  last-named  are  reached  at  a 
depth  of  1,460  feet  from  the  surface,  410  feet  of  which  represent  the  thick- 
ness of  the  Bunter  and  about  27  feet  that  of  the  Zechstein.  The  Coal- 
measures  are  directly  overlain  by  a  2  feet  band  of  dark-grey  micaceous 
bituminous  shale,  containing  plant-remains.  The  Zechstein  Limestone  on 
the  top  of  this  is  very  sharply  marked  off  from  it.  The  shale  is  regarded 
as  the  equivalent  of  the  Kupferschiefer,  and  its  presence  has  been  proved 
in  many  other  sinkingfs,  but  nowhere  in  the  Ruhr  basin  does  it  contain 
metalliferous  ore.  I'he  thinly-bedded,  tough,  light-grey  Zechstein  Limcstcme 
is  overlain  by  enormously  thick,  nearly  pure  white  conglomerates  (50  or  60 
feet)  of  Bunter  age:  their  constituent  pebbles  deserve  rather  the  term 
"  boulders,"  as  some  of  them  are  so  large,  that  they  have  to  be  blasted 
away  before  a  sinking  can  be  carried  down  to  the  coal.  The  rest  of  the 
Bunter  consists  of  micaceous,  dark-red.  fine-grained  sandstones  with  inter- 
calated bandH  of  clay.  The  Bunter  series  is  generally  found  to  increase 
in  thickness  as  lx)rings  are  carried  northward:  on  the  other  hand,  where 
the  Upper  Zechstein  eontains  nx-k-salt,  it  in  turn  swells  out  to  a  thickness 
of  hundreds  of  feet,  as  shown  by  sinkings  near  Wesel.  At  Schermbeck 
station,  the  Coal-measures  are  only  reached  at  a  depth  of  2,920  feet  from 
the  surface. 

The  evidence  obtained  from  the  numerous  borings  put  down  throughout 
the    region    of   the    Lower   Rhine    leads    the    author    to   conclude    that    the 


62         NOTES  OF  PAPERS  IN  COLONIAL  AND  FOREIGN 

Bunter  and  Zechstein  of  that  diftrict  are  of  the  same  age  as,  and  practically 
continuous  with,  the  Trias  and  Permian  which  form  the  north-eastera 
and  eastern  margins  of  the  Cretaceous  basin  of  Miinster. 

These  Upper  Cretaceous  beds,  as  before  mentioned,  overlie  nnconform- 
ably  and  overlap  the  Bunter  Sandstone,  and  then  the  Coal-measures.  The 
lowest  portion  of  the  series  in  the  Ruhr  district  consists  of  the  Cenomamian 
or  Tourtia  glauconitic  sands,  with  thick  layers  of  clay-ironstone,  and  tough 
glauconitic  marls.  These  are  followed  in  upward  succession  by  the 
Turonian  light^grey  or  white  hard  marls,  and  these  by  the  softer,  more 
sandy  Emncher  Marls.  In  the  neighbourhood  of  Recklingshausen  the  last- 
named  are  overlain  by  sandy  marls  of  Senonian  age. 

It  is  noticeable  that,  as  one  proceeds  eastward  from  the  western  margin 
of  the  basin,  a  gradual  change  in  the  lithological  character  of  the  Cretaoeoiis 
deposits  becomes  manifest.  While  nandy  beds  predominate  in  the  wejt. 
calcareous  and  argillaceous  beds  gradually  assert  their  supremacy  towmrds 
the  east — in  which  direction  the  deeper  sea  must  have  lain. 

In  the  east  of  the  Ruhr  basin,  Qlacial  Drift  immediately  orerliea  the 
Cretaceous,  but  in  the  west,  near  the  Rhine,  Tertiary  deporita  iiitenrene, 
attaining  a  thickness  in  the  neighbourhood  of  Wesel  of  something  like  1,000 
feet.  Going  from  south  to  north,  the  Coal-measures  are  found  to  lie  deeper 
and  deeper  below  the  surface,  and  this  change  of  level  is  very  regular  in 
the  eastern  portion  of  the  basin;  but  in  the  western  portion  there  is  no 
such  regularity,  the  drops  in  level  being  sudden  and  considerable.  At 
all  events,  one  point  appears  certain,  that  the  farther  northward  borings 
are  put  down  the  deeper  will  the  Coal-measures  be  found  to  lie. 

With  regard  to  water,  the  Bunter  series  is,  of  course,  a  great  natural 
reservoir,  and  has  been  in  that  way  a  fruitful  source  of  trouble  in  sinking. 
Some  of  this  water,  analysed  at  Bochum,  yielded  a  considerable  proportion 
of  common  salt,  and  small  amounts  of  magnesium-salts.  Brine-springs 
occur  in  nearly  all  the  underground  workings  of  the  pits  south  and  south- 
west of  Oladbeck,  and  undoubtedly  come  from  the  Triassic  and  Permian 
rocks,  finding  their  way  downward  through  the  fault-fissures  of  the  Coal- 
measures.  Miners  in  the  Ruhr  coal-field  will  always  have  to  reckon  with 
the  poRsibility  of  sudden  and  voluminous  out))iirst8  of  water  into  the 
workings. 

With  regard  to  water  in  the  Cretaceous  rocks,  the  lowermost  beds — the 
glauconitic  Tourtia- waterbearing  nandiit,  act  as  a  protective  belt  to  the  i^oal- 
measuros  against  further  inflows  of  water  from  overlying  beds.  But  where 
esHtward  the  above-mentioned  lithological  change,  from  general  "  Aundj- 
ness "  to  general  **  marlyness "  takes  place,  water-1)earing  fiHsures  make 
their  appearance,  so  that  the  deep-level  shafts  of  the  Ruhr  basin  in  sinking 
through  the  CretaceouB  have  had  to  contend  with  more  or  less  voluminou* 
inflows  of  water,  })eing  in  some  cases  completely  drowned.  In  the  Cretaceous 
area  of  Miinster  numeroUH  brine-springs  well  out  from  the  hard,  perpen- 
dicularly fiHsured  Turonian  marls.  The  neighbourhood  of  Hamm-an-der- 
Lippe  iH  especially  rich  in  such  springH.  The  author  describes  some  of  the«e, 
and  gives  chemical   analyses. 

The  Kmwher  Marls  contain  no  brine-springs,  and  in  fact  form  a  water- 
tight compartment  l)etween  the  overlying  Senonian  and  the  underlying 
Turonian  division**  ot  the  ('reta<*eous,  which  are  lM)th  waterlogged. 

L.  L.  B. 
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IRON  AND  MANGANESE-ORES  OF  NIEDERTIEFENBACH,  GERMANY. 
i%tr  die  BhUsUhnng  der  Mangan-  mul  EiMenerzvorkommtn  hex  Nitdertiefenbach  im 
Lahntal,     By  J.   Belli ncieb.      ZtilHchriJt  fir  prakiische  Oeologie,    1903, 
vol.  jri,f  pages  237-241,  inth  5  fiijureH  in  the  text. 
These   deposits   occur   in    rocks   of   Devonian    age,    between   the   Siringo- 
cephalus-Umestone  and  the  younger  Schalstcin  (tuff).      In  form  the  ores  vary 
from    mere    dendritic    markings    to    huge    shapeless    nodules,    and    in    com- 
position from  pure  oxides  of  iron  and  manganese  to  excessively  aluminated 
and  silicated  compounds.    They  may  be  regarded  as  the  outcome  of  intease 
decomposition   and    weathering,    continued    even   at   the    present    day.     The 
maximum   thickness   of   ore-body   mentioned    by    the   author  is    40   feet.     A 
description  is  given  of  the  series  of  chemical  reactions  by  which  the  author 
conceives  the  ores  to  have  been  derived  from  the  very  rocks  among  which 
they  now  occur.  L.  L.  B. 

THE   IRON-ORES,    ETC.,    OF    AMBERG,    BAVARIA,    GERMANY. 

Die  Atnberger  ErzkujerMtdtten,  By  Ernst  Kohler.  OeognotUviche  Jahreshefle, 
1902  [1903],  voi.  xv.ypagen  11-56,  inVA  10  JignreM  in  (he  text. 
Mining  operations  have  been  carried  on  in  the  neighbourhood  of  Amberg, 
in  the  Upper  Palatinate  of  Bavaria,  for  more  than  a  thousand  years,  and  at 
no  period  during  that  lapse  of  time  have  they  been  completely  suspended. 
The  most  important  deposits,  both  from  the  scientific  and  the  industrial 
point  of  view,  occur  along  three  great  fault-lines  striking  south-east  and 
north-west  through  the  district.  Of  less  importance  are  the  innumerable 
"  nests "  and  pockets  of  brown  ironstone,  yellow  ochre,  etc.,  scattered 
all  over  the  surface  of  the  Jurassic  plateau  known  as  the  Alb. 

At  Amberg,  the  ores  occur  in  the  form  of  irregular  lenticles  of  brown 
haematite  embedded  in  a  mass  of  steeply-dipping  sands  and  clays,  which 
intervene  between  the  Cretaceous  and  the  highly-disturbed  Jurassic  strata. 
In  depth,  the  entire  ore-body  is  seen  to  increase  in  thickness,  though  in  a 
somewhat  irregular  manner.  In  1879,  spa  those  iron-ore  was  for  the  first  time 
discovered  here;  its  structure  is  in  part  saccharoidal  and  crystalline,  in 
part  cavernous,  and  the  ore  is  in  fact  not  easily  distinguishable  by  the 
eye  from  the  dolomite  against  which  it  abuts  and  into  which  it  sometimes 
passes.  The  geological  conditions  appear  to  bo  generally  much  the  same 
farther  north,  at  the  Caroline  and  Etzmannsberg  mines.  In  the  last-named, 
the  ore-deposit  thickens  from  100  feet  at  the  350  feet  level,  to  260 
feet  or  more  at  the  367  feet  level,  where  it  can  be  followed  for  a  length 
of  more  than  1,150  feet.  It  has  been  proved  here  that  the  ore-body 
is  unconformable  (geologically)  both  to  its  foot-wall  and  its  hanging-wall. 
The  brown  haematite  in  this  part  of  the  field  occasionally  passes  into  red 
haematite. 

As  one  goes  south  from  Amberg,  mine-exposures  cease  to  be  available, 
and  the  ore-deposits  finally  thin  out  at  Paulsdorf  and  Altenricht.  East 
of  the  Amberg  fault-line  is  that  of  Vilseck-Auerbach,  along  which  arc  found 
the  mining  concessions  of  Gross  Schonbrunn  and  Minister-Falk,  and  the 
Leonie  mine.  Here  again  the  ore-deposits  are  associated  with  the  im- 
mediate proximity  of  Jurassic  limestones  and  dolomites.  Brown  hssmatite 
has  been  proved  at  various  depths  from  52  to  321  feet,  ranging  in  thickness 
from  20  to  65  feet;  and  between  Bernreuth  and  Ritzclbuch,  at  a  depth  of 
3.30  feet  or  so,  spathose  iron-ore  has  been  struck,  60  feet  thick.     The  borings 
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just  mentioned  were  put  down  in  the  MiniRter-Falk  field,  where  actual 
working  has  not  yet  l>een  started.  Interesting  sections  are  figured  of 
the  Leonie  mine  at  Auerbach,  where  the  predominant  ore  is  white  to  grey 
spathic  iron-ore.  while  brown  hsmatitc  plays  only  a  subordinate  part. 

Along  the  third  fault-line,  which  runs  from  Eschenfeld  through  Freihung 
to  Kirchenthumbach,  load-ores  occur  (among  sandstones  and  marlK  of  pnibahly 
Keuper  age),  which  are  not  worked  nowadays.  The  iron-ores  also  are 
found  along  the  same  line,  always  associated  with  Jurassic  strata. 

After  a  short  description  of  the  "nests"  of  ochre,  etc..  on  the  Jurassic 
plateau,  the  author  proceeds  to  consider  the  question  of  the  genesis  of  the 
ores.  He  concludes  that  they  are  unmistakably  of  metasomatic  origin— 
that  is,  due  to  the  gradual  ri'placement  of  limestone  by  iron-compounds. 
These  were  derived  from  deep-seated  thermal  waterH  which  welled  up  through 
the  fault-fissures.  Those  fissures  were  torn  in  the  rocks  in  Tertiary  times,  and 
the  not  far-distant  basaltic  hills  of  Parkstoin,  Noustadt-am-Kulm.  OIkt- 
leinleitcr,  etc.,  bear  witness  to  the  active  vulcanicity  of  that  period,  to 
which  (he  mineralized  thermal  waters  are  evidently  assignable  (po«t>voI> 
canic  phase). 

Several  chemical  analyses  are  tabulated,  the  Amberg  ores  showing  per- 
centages of  iron-sosquioxide   which   vary   from    71 '32   to   85*98. 

The  "  nests  "  of  ochre  are  regarded  by  the  author  as  being  in  some 
cases,  the  decomposition-products  of  the  limestones  among  which  they  lie. 
In  other  cases,  they  may  be  the  remnants  of  ramifications  of  the  great 
fissure-deposits.  L.  L.  B. 

THE  ORIGIN   OF  CERTAIN   DEVONIAN   H.^MATITES   IN   GERMANY. 

Zur  Fratjr  narh  (fw  Eutsffhiniii  (itu'lsst  r  /hrouisrhtr  liftth**ist  nt  rJmjtrstattm.  H\f 
E.  Harbort.  Xf  uf  t  Jahrlnii'h /iir  Min*  ntloij'n  ^  f,'fo'o<fi(  nut!  Pti/ZinnhJotji*^ 
1903,  iY>/.  i'.,  pntjes  179-19-2,  nndjMt^s  I'///,  awl  IX. 

It  is  a  fact  of  cDiniiion  knowlodgfo  that  the  I)ov<inian  ha'iiiatito-dcposit'' 
in  north-west oni  (Jormany  almost  invariably  occur  in  the  immediate  neigh- 
bourhood of  diabasic  or  Hchalstoin-rocks :  furthor.  that  thoy  an»  richer, 
where  these  volcanic  rocks  arc  highly  decomposed.  Whence  it  wa^ 
inferred  that  the  iron  had  been  exclusively  derived  from  the  dwoni- 
positi<m-products  of  the  weathered  diabases;  that  it  had  Un-n  carried 
upward  by  carbonated  solutions  into  the  sedimentaries.  and  that  most  of  the 
ore-deposits  have  btvn  <'onsequently  formed  by  metasomatic  replaeenunt  iil 
the  limestones,  etc.  Hut  the  fact  that  some  luematite-spt»i-imons  include 
fossils,  wherein  all  the  (>xternal  structure  of  the  <»rgani^m  is  j)n»M*rved  in 
minute  detail,  is  hardly  reconcilable  with  the  metasomatic  theory;  and 
Prof.  Hergeat  re(|Uested  the  author  to  examine  various  Inematite-depiwit^. 
cRp<*cially   tho>e  of   the   Harz,   in   the   liijht    of  tin**   new   objtHtion. 

He  notes,  in  the  first  place,  that  the  mass  of  weather<>d  diabas<>  mvei^sarT 
to  supply  the  iron  of  hiematite-de|)osits,  many  of  which  exceed  l>5  feet  in 
thickness,  is  out  ot  all  proportion  t<i  any  knoN\n  occurrence  t»f  decomi'OMMt 
volcanic  rocks  in  the  r<'gions  traversed  by  him.  Then,  the  stratigraphicul 
evi<b'nc<'  of  it^'If  «ondemns  the  nntanomatic  thei>ry.  af%  many  thin  hiver* 
of  unaltered  green i«*h-grey  >hale.  or  pun*,  compact,  paie-ijrey  linjeMtont?*  ar 
in  places  interbandod  with  the  ha'matitos.  Further,  the  hyix^thf^sii*  that 
the  oH'-deposits  would  iinixiveri**!!  in  dc'pth  (because  deepiT  down.  Inflow  th-' 
general    water-level    of    the    c»)untry.    the    metasomatic    replacement    of    the 
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sedimentaries  would  be  impossible)  has  proved  fallacious.  Several  deep 
borings  in  Nassau  have  recently  struck  workable  ores  far  below  that  water- 
level. 

The  author  concludes  that  these  haematite-deposits  are  not  secondary 
but  primary  formations;  that  they  were  laid  down  contemporaneously  with 
the  limestones  and  the  tufaoeous  sediments;  and  that  they  must  be 
regarded  as  belonging  to  the  group  of  chemical  precipitates.  This  is 
affirmed  only  of  the  Harz,  as  the  author  considers  that  he  is  not  sufficiently 
acquainted  with  the  haematite-deposits  of  Nassau,  Westphalia  and  Bohemia, 
to  dogmatize  regarding  them.  Still,  the  hand-specimens,  available  in  the 
Clausthal  Museum,  do  not  fit  in  with  the  metasomatic  theory.  The  iron  of 
the  Harz  haematites  was  doubtless  derived  in  the  first  instance  from  the 
submarine  volcanic  eruptions  of  the  Middle  Devonian  Period. 

L.  L.  B. 


THE    MANGANESE    ORE-DEPOSITS    OF    HESSE    AND    NASSAU. 

GERMANY. 

Die  HeA/ti'ichf.H  uml  NoMttanUchen  ManganerzlagerMatten  vnd  ihre  EntAtehnng  durch 

Zemetzvwj  da*  dolomitUirten  Stringocephalenhalke^  rejtp.  Zf.c?isteindolomits, 

By  Rudolf  Delkeskami*.     ZtUnchrift  fur  praktiHche  GeofogiCf  1901,  I'ol,  tJ?., 

pages  356-365. 

The  manganiferous  and  haematitic  deposits  of  Hesse  and  Nassau  almost 

invariably    overlie    either   dolomitized    StringocephalusAimeatojie    (Devonian) 

or  decomposed  Zechstein-dolomite  (Permian),   they   in   fact  fill   up  the   deep 

hollows    in   the   uneven   surface    of  these   limestones.       Moreover,    the   ores 

form    irregular    "  nests  **    of    varying    size    within    these    rocks,    or    occupy 

joints  and  fissures  which  cut  deep  into  them.     Generally  a  clay-bed  overlies 

the  ore-deposits:   these,  taken  as  a  whole,  form  a  mass  20  to  40  feet  thick 

of   manganiferous   brown   haematite,   containing  about  45   per  cent,   of   iron 

and  from  7  to  10  per  cent,  of  manganese.    Occasionally  the  main  mass  of  the 

deposit  is  pure  manganese-ore;  or  the  manganene  occurs  in  "  nests  '*  encrusted 

with  brown  haematite,  or  as  lumps  amid  a  pulverulent  mass  of  the  iron-ore. 

The    ore-occurrences    are    spread    over    a    very    extensive    area,    but    are    of 

industrial    importance    at    comparatively    few    localities.     Their    geological 

relationships  being  practically  identical,  it   may  be  inferred  that  all  these 

deposits  originated  in  the  same  way. 

The  author  describes  briefly  the  mines  in  the  Strom  berg  district,  where 
a  pulverulent  mass  of  manganese-ore  is  worked,  containing  in  its  best  parts 
lumps  (up  to  the  size  of  a  man's  head)  of  hard  ore  with  18  to  22  per 
cent,  of  manganese  and  28  to  32  per  cent,  of  iron.  Proceeding  then  to 
the  description  of  the  deposits  in  the  Odenwald,  he  points  out  that  the 
pyrolusite  and  brown  haematite  in  that  area  are  unmistakably  the  decom- 
position-products of  the  underlying  Zechstein-dolomite.  The  ore-deposits 
are  conformably  overlain  by  impermeable  Bunter  Marls,  etc.  The  same 
evidence  is  forthcoming  in  north-western  Spessart,  where  the  ores  occur 
within  the  Zechstein  itself  as  well  as  on  top  of  it,  and  in  the  lower  portions 
of  the  ore-body  perfectly  fresh  dolomitic  sphaerosiderite  has  been  found. 
The  most  important  deposit  of  all  is  that  in  the  Lindner  Mark,  near  Giessen, 
where  the  floor  is  dolomitized  Stringocephalus-limeBtoJxe :  the  more  dolo- 
mitized and  fissured  this  limestone  is,  the  richer  and  more  abundant  are 
the  ores.    The  deposit  is  overlain  by  clays  which  the  author  believes  to  be 
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in  part  of  Pliocene  age,  and  he  controverts  the  hypotheses  of  Messrs.  Ludwig 
and  Yolger  who  opined  that  these  clays  might  be  decomposition-residaes 
of  the  dolomite.  He  discusses  at  some  length  the  chemical  processes  con- 
nected with  dolomitization,  etc.  The  concluding  portion  of  the  paper  ii 
devoted  to  a  short  description  of  the  ore-deposits  of  the  Nauheim  district. 
There,  at  the  Oberrossbach  mine,  some  of  the  finest  manganese-ores  in 
Germany  have  been  obtained.  The  average  percentages  of  the  ores  now 
worked  in  that  district  are  25  to  26  of  manganese  and  24  to  25  of  iron.  The 
best  grades  contain  from  45  to  90  per  cent,  of  manganese  dioxide. 

L.  L.  B. 


THE   MINERAL   RESOURCES   OF   THE  TAUNUS   DISTRICT.    NASSAU. 

GERMANY. 

Die  technUch  nutzlparen  Minfralien  nnd  Oe^itt^iue  des  TViuntM  urul  seiner  n4kk$ten 
UnKjehung.  By  Rudolf  Delkeskamp.  Ztilschrift  fiir  prtd-twche  Geo/ogie, 
1903,  tH)l.  xi.,  pageM  265-276. 

The  Taunus  range  is  rich  in  ore-occurrences,  but  in  many  cases  these 
are  so  widely  distributed  through  the  mass  of  the  rocks  that  the  cost  of 
mining  operations  and  the  difficulties  of  transport  make  the  deposits  un- 
workable. The  mineral  industry  has  only  shown  real  vitality  in  the  Lahn. 
Rhine  and  Wetterau  districts. 

Argentiferous  galena  and  zinc-blende,  generally  associated  (and  with  them 
copper-ores  sometimes  occur),  are  largely  worked  in  the  neighbourhood  of 
Ems  and  Holzapfel  in  the  Lahn  valley.  The  infilling  of  the  reefs  consista 
of  the  above-mentioned  ores  with  quartz,  spathose  iron-ore  and  iron-pyrites; 
they  occur  amid  the  clay-slates,  quart zitcs  and  grauwackes  of  the  Upper 
Coblentzian  (Lower  Devonian)  Hcries.  Near  the  outcrops  the  sulphidic 
ores  are,  as  in  so  many  other  eases,  decomposed  to  oxides,  carbonate*, 
phosphates,  etc.  The  ore-bodies  sometimes  appear  to  be  stratified,  and 
sometimes  arc  amorphous  masses,  the  maximum  thickness  being  about  3.3 
feet,  although  in  one  case  it  reaches  double  that  measurement. 

Iron-pyritofl,  slightly  auriferous,  is  of  widespread  occurrence  in  the 
rocks  of  the  Taunus,  and  this  has  given  rise  to  many  baseless  rumours  (.ih. 
recently,  in  the  neighbourhood  of  Homburg)  of  gold  being  found  there. 

Iron-ores  (red  and  brown  haeniatite),  generally  manganiferous.  and  fre- 
cfuontly  associated  with  manganese-ores  of  exeellent  quality  an*  worked  all 
along  the  Lahn  valley,  from  Diez  to  Giessen.  'Hie  haematites  vary  greatly  in 
texture,  and  the  deposits  vary  equally  in  character — some  being  reefs,  othem 
being  pockets  or  nests,  and  yet  others  being  l)edded.  The  "  reefs  *'  or 
"veins"  generally  yield  brown  hapmatite.  and  occur  almost  exclusively  in  the 
Taunus  Cjuartzites.  Both  iron-  and  manganese-ores  appear  to  be  genetieallv 
connected  with  the   occurrence  of  quartz-veins. 

The  "  beds  "  and  '*  pockets "  of  brown  haematite  associated  with  thf 
Lower  Devonian  sericite-sehists  contain  from  41  to  47  per  cent,  of  metallic 
iron;  2  to  2*6  jK-r  cent,  of  manganese;  1  to  2*5  per  cent,  of  phosphorus;  and 
20  to  28  per  cent,  of  residuc^s  (mostly  silica V 

Of  far  greater  economic  importance  than  the  ores  just  described  are  the 
Middle  and  Tapper  Devonian  red  hiematites.  These  extend  over  a  coo- 
siderable  an*a,  are  interbedded  among  schalst<>ins  and  slates,  and  vary  in 
thickness  from  1  to  fij  feet.  Some  of  the  deposits  are  rendered  nnwork- 
able  l^ecause   they  contain  too  much  lime,   others  because  they  contain   t^i"* 
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mucli  silica.  One  of  the  most  considerable  and  interesting  occurrences  is 
that  of  Obemeisen,  where  the  haematite  appears  in  contact  with  the  "  Lahn 
porphyry":  the  best-grade  ore  here  contains  65  per  cent,  of  metallic  iron. 
Then  there  are  the  iron  and  manganese-ores  associated  with  the  dolomitized 
Stringocephalus-Umeatojie,  the  hummocky  surface  of  which  forms  the  floor  or 
hanging-wall.  These  oft-described  and  much  discussed  deposits  often  pene- 
trate deep  into  fissures  and  hollows  of  the  underlying  limestone,  and  are 
mantled  by  a  barren  cover  of  drift-sands  and  clays  of  varying  thickness.  The 
ore-bodies  range  in  thickness  from  20  to  40  feet,  and  lumps  of  pure  psilo- 
melane  and  pyrolusite  are  distributed  through  the  crumbly  haematite.  It 
is  noticeable  that  the  more  highly  fissured  and  dolomitized  the  limestone  is, 
the  richer  and  more  abundant  are  the  ores.  One  of  the  most  important 
mines  that  work  these  deposits  is  situated  in  the  Lindner  Mark,  south  of 
Giessen:  the  extensive  workings  here  are  opencast.  Borings  to  the  north 
and  south  have  proved  vast  masses  of  still  unworked  ore  of  excellent  quality. 

Between  Nauheim  and  Homburg-vor-der-Hohe  are  the  manganese-mines 
of  Oberrossbach  and  Eoppem^  where  shafts  have  been  put  down  to  a  depth 
of  213  feet,  and  workable  ore  still  remains  below  this.  The  ore  contains 
from  18  to  22  per  cent,  of  manganese,  27  to  33  per  cent,  of  iron,  0*3  to  0*4  per 
cent,  of  phosphorus,  and  8  to  9  per  cent,  of  residues.  But  it  is  much  richer  in 
manganese  at  the  outcrop,  and  this  holds  good  also  (in  regard  to  iron)  of 
the  accompanying  brown  haematite.  A  brief  description  of  the  not  dissimilar 
ore-deposits  of  Weiler-West,  Bingerbruck,  Waldalgesheim ,  and  the  Bieberthal 
is  also  g^ven,  and  the  author  then  proceeds  to  consider  the  question  of  their 
origin.  He  regards  many  of  them  as  primarily  the  result  of  weathering 
(decomposition  of  rocks  by  atmospheric  agencies)  but  does  not  exclude  the 
occasional  intervention  of  ferruginous  and  manganiferous  thermal  springs; 
and  he  points  out  that  the  Nassau  deposits  (at  all  events)  are  generally 
regarded  as  having  been  formed  by  such  springs  and  in  no  other  way. 

Brown  coal  is  of  frequent  occurrence  in  the  Tertiary  deposits  along  the 
slopes  of  the  Taunus;  but  in  some  places  the  quality,  and  in  others  the 
quantity,  of  the  mineral  is  apparently  not  sufficient  to  justify  working. 
However,  about  118,000  tons  of  brown  coal  were  got  in  the  year  1900,  the 
best  being  the  Pliocene  coals  of  the  Friedbcrg  district.  The  older  (Oligo- 
ccne)  coals  are  much  poorer.  The  quantity  of  workable  brown  coal  still  in 
sight  is  estimated  at  15,000,000  tons. 

Elaborate  statistics  are  tabulated  of  the  mineral  output  of  the  Wiesbaden 
and  Koblenz  districts  and  of  the  Grand  Duchy  of  Hesse  during  the  past 
six  years.  L.  L.  B. 

THE  MAGNETITE-DEPOSIT  OF  THE  SCHWARZER  KRUX,  THURINGIA. 

Dtis  Magfieleisenerzlager  vom  Schvarzen  Kmix  hei  Schmiede/eld  im  Thiiringer  Wald, 
By  Karl  Schleoel.     ZeiUchrift  der  Deutschen  Geologiachen  OeselUchaJt, 
1902,  vol.  liv.j  pagcA  24-55,  tcith  3  text-Jignres,  and  plates  II.  and  III, 
The  magnetite-deposits  of  the  Schwarzcr  Krux,  near  Schmiedefeld,  were 
worked  for  many  centuries,   and  then  abandoned  in  the  latter  half  of  the 
nineteenth  century.     Somewhere  about  1888  an  attempt  was  made  to  restart 
mining  operations,  but  it  was  a  purely  spasmodic  effort,  and  now  the  work- 
ings have  fallen  in :   the  enormous  waste-heaps  scattered  through  the  forest 
alone  bearing  witness  to  the  activity  of  former  generations  of  miners. 

4  bjriof  sketch  is  given  of  the  literature  of  the  subject,  and  the  authoy 
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then  describes  the  granite-massif  on  which  the  Schwarzer  Knix  is  situated. 
This  granite  is  presumed  to  date  from  Carboniferous  times,  while  the  sedi- 
montaries  through  which  it  has  torn  its  way  are  of  Upper  Cambrian  age. 
The  rock  is  of  two  varieties — typical  biotite-granite  and  two-mica-granite: 
both  varieties  contain  tourmaline.  Quartz-porphyry  dykes  course  through 
the  granite-massif,  and  the  granites  themselves  are  full  of  inclusions  of 
quartz-mica  rock  and  hornblende-schist. 

The  waste-heaps  really  contain  vast  quantities  of  iron-ore  which  will  be 
industrially  available,  so  soon  an  the  projected  railway  from  Ilmenau  ♦ti 
Schmiedefeld  is  completed.  As  in  the  case  of  the  granites,  etc.,  the  author 
made  an  elaborate  petrographical  study  of  the  magnetite,  examining  many 
scores  of  microscopic  slides.  The  ore  varies  considerably  in  structure  from 
compact,  through  finely  granular,  to  coarsely  crystalline:  sometimes  it 
shows  traces  of  sohistosity.  Fluorspar  is  invariably  associated  with  it  : 
frequent  associates  also  are  wolframite,  molybdenite,  barytcs  and  pyrites. 
An  analysis  of  "  magnetite-rock  '*  yielded  88*56  per  cent,  of  iron  oxides  and 
9*10  per  cent,  of  manganese  -ozide. 

The  ore  occurs  near  the  contact  with  the  granite  in  the  metamorphoiied 
clay-slates,  and  apparently  is  itself  really  a  metamorphosed  haematite-deposit. 
Similar  examples,  due  to  contact-metamorphism ,  are  cited  from  Spitzenberg 
in  the  Harz  and  Angers  in  the  west  of  France.  The  fluorspar  is  no  doubt 
the  result  of  fluoric  emanations  which  would  make  their  way  through  the 
Assures  in  the  rocks  caused  by  the  irruption  of  the  granite.  The  occurrence 
of  a  gamct-rock  rich  in  fragments  of  crystalline  limestone  also  points  to 
the  former  existence  of  limestonc-bandrt  in  this  locality.  L.  L.  B. 


THE  ORE-DEPOSri'S  OF  THE  MUSEN   DISTRK^,   GERMANY. 

Dtr    Sf'hirhti-ufiujlton    ttf^t    MiiHtntr   HfnjItnniliMtrik't^.'* ;    dif   fla-xtJffMt   anfirthwim 
ffdinje.   niifl   ilie    Hr'Aehumjen    durMf/ltrn    zu    den    irirhtitjMttn    GtJfttinfn    nml 
SchichtiHutorumjeH.     Hy  Max  Br '^ch kr.     I 'erhttndJninjen  dfn  HcUurhtMtonjtrk'n 
Vert^lHM  dfr  /^nuHMisrhtu  RhtiiUaiulf^  ttr.,  1902,  rof.  lix.^  fHUjtM  99-134,  irith 
.'J  fext-fynn  •<  anti  f»lnte^  1 1. -11 1. 
The  t»rca  in  quoHtion  romprizcs  various  groups  of  high   hill-ranges  whirh 
form  a  portion  of  the  Siegorland,  and  all  the  strata  are  of  Lower  Devonian 
age.     Tlioy   consiHt    of   an    alternation    of   grauwackos,    grauwacke-slates   and 
clay-slates,    all    striking    uniformly    north-oast    and    south-west,    and    dippin^r 
south-eastward    at    high    angles   (from    30°    to    80°V        The    bedding    is    nut 
ospocially   massive,   and   stratigraphical    units   approaching   or  exceeding   ln«' 
foot    in    thickness   are   of   rare   occurrence.     A    detailed   description    is   given 
of    the    highly-jointed    grauwackes,    and    of    the    other    strata    already    men- 
tioned, but  a  group  peculiar  to  the  Miisen  district  is  that  of  the  Red  Slate*. 
infcr>)anded  at  various  horizons  with  the  other  n>cks.     'Hiey  are  very  flaggy. 
splintery,   and   fairly   hard   (5   in   the    scale  of   hardness).       Their   brown-rrd 
coloration  is  doubt  loss  due  to  the  10  per  cent,  or  so  of  iron  peroxide  ^hiih 
they  contain,  and  moreover  that   peroxide  appears  to  be  the  material   which 
has  bound  the  other  constituents  of  the  slates  together.     Taken  as  a  vkh«»le. 
the   strata    show    signs   of   considerable   disturbance    and    faulting,    and   thf 
author  descril)es  at   length   the  two  main   fissure-faults  of  the   district-    th^ 
Stuff  and  the  St.  Jakobskluft. 

The    ore-deposits    arc    defined    as    ind(>|>endent    lenticular    veins.    <%hominc 
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great  variations  when  compared  one  with  the  other.  The  author  divides 
them  into  two  categories: — (1)  Ironstone-veins,  the  ore  in  which  is  mainly 
spathose  iron  and  the  gangue  mainly  quartz;  and  (2)  ore-veins  proper,  con- 
taining sulphides  of  lead,  zinc,  silver  and  copper,  with  heavy-spar 
as  the  commonest  gangue.  At  the  outcrop,  the  metallic  sulphides  are 
frequently  found  decomposed  to  oxides  and  hydroxides.  The  veins  in  some 
cases  represent  the  infilling  of  fissures  which  have  been  torn  in  the  rocks 
without  any  intervention  of  lateral  thrust.  In  other  cases,  they  are  the 
infilling  of  true  fault-fissures,  and  in  yet  others  they  are  genetically  connected 
with  overthrust-phenomena. 

A  short  description  is  given  of  the  most  important  ore-deposits.  In  the 
first  place,  as  regards  the  iron-ores  the  Briicher  vein,  10  feet  thick,  has  been 
now  worked  out,  and  the  same  statement  holds  good  of  the  Stahlberg 
deposit.  The  Sonnenberg,  Kuhlenberg  and  Jungermann  veins  have  been 
worked  as  far  as  it  would  pay,  and  are  now  abandoned. 

Galena  and  zinc-blende  are  got  from  the  Glucksanfang  veins  Nos.  I.  and 
II. ;  the  ores  apparently  increase  in  richness  and  quantity  the  deeper  down 
they  are  worked.  Similar  ores,  with,  in  some  cases,  fahlores  and  copper- 
pyrites,  are  worked  from  about  a  dozen  other  veins.  In  the  **  diagonal 
vein  "  there  are  masses  of  pure  ore  10  feet  thick,  and  the  entire  ore-body 
i.s  in  places  as  much  as  33  feet  thick. 

The  ore-deposits  are  invariably  cut  off  or  nipped  out  by  the  Red  Slates: 
these  were  in  a  relatively  plastic  condition  at  the  time  when  fissures  were 
being  torn  in  the  other  rocks,  so  that  fissures  could  not  remain  open  in  them 
to  receive  the  metalliferous  infilling.  Later  on  the  now  Red  Slates  were 
infiltrated  with  the  iron  peroxide  which  has  cemented  them  together. 
Generally  speaking,  there  is  cumulative  evidence  of  a  relationship  between 
the  fault-folds  of  the  district  and  the  metalliferous  veins,  as  the  number, 
thickness,  and  character  of  the  latter  have  been  unmistakably  influenced 
by  the  former.  It  may  be  added  that  the  sulphidic  ores  are  very  probably 
of  more  recent  date   than  the  iron-ores  in   the  Miisen  district. 

L.  L.  B. 


THE    IRON-ORE    DEPOSITS   IN   THE    WESER    HILLS,    WESTPHALIA. 

IHe  ntUzbaren  EUensleinlagerHtdtten,  insbesoTidert  dun   Vorkommtn  mn  oo/ithtHchem 

RothtUensttiny  im  WcHergefnrye  Itei  MiiidA^n,     By  Db.  Th.  Wiese.     ZtiUchrift 

fiir  praktische  Oeologie,  1903,  vol.  xi.,  pwje.H  217-231,  with  2  figures  in  the  text. 

At  one  time  clay-iroustones  alone  were  got  in  the  Weser  Hills,  near 
Minden  in  Westphalia,  but  of  late  the  winning  of  haematite  has  taken  the 
front  rank.  It  occurs  in  the  Jurassic  strata,  in  the  neighbourhood  of  the 
famous  P(»rta  WestpIicUica,  and  the  mines  are  connected  by  a  light  railway 
with  the  main  line  from  Cologne  to  Minden.  Clay-ironstones  are  still 
worked  in  the  Wittekind  seam,  near  Bergkirchen,  and  in  the  reniform 
concretions  of  the  Bockshom  gravel-pit  at  Veltheim-on-the-Weser. 

A  description,  geological  and  physiographical,  of  the  Weser  range  of  hills, 
based  on  Prof.  Roemer's  and  Dr.  Heinrich  Credner's  monographs,  is  given 
by  the  author.  It  may  be  noted  in  passing  that  the  Wittekind  seam  is 
a  marly  iron-pisolite  in  the  Lower  Kelloways  rock,  dipping  near  Bergkirchen 
some  30  to  40  degrees,  3  feet  thick,  overlain  by  a  band  of  pyrites  which  in 
places  is  as  much  as  6^  feet  thick,  and  is  in  turn  overlain  by  8  inches  more 
of  pisolite.  At  Lutter,  the  pisolite  is  6  feet  thick.  The  ore  contains,  on  an 
average,  30  per  cent,  of  metallic  iron. 
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Then  follows  a  detailed  description  of  the  *'  seams "  of  red  hsmatite 
which  occur  among  the  Upper  Oxfordian  limestones.  At  the  Yictoria  mine, 
the  lowest  ore-band  is  called  the  Nammer-Klippen  neam ;  it  is  oolitic  in 
structure,  and  contains  in  its  upper  portion  rather  more  than  22  per  cent, 
of  metallic  iron:  the  total  thickness  of  the  seam  varies  between  33  and  40 
feet.  An  interval  of  some  3  or  4  feet  of  blue  limentone  separates  it  from 
the  next  overlying  seam,  the  Victoria,  6|  feet  thick,  containing  about  44i 
per  cent,  (on  an  average)  of  metallic  iron.  Working  was  started  on  this 
seam  in  1884,  and  it  is  now  practically  exhausted.  Above  this  follows  more 
blue  limestone,  30  feet  thick,  and  then  the  Joseph  hematite-seam,  in  com- 
position and  appearance  much  like  the  Victoria  seam.  But,  though  analyses 
showed  it  to  contain  from  58  to  61 1  per  cent,  of  iron  peroxide,  it  proved 
unworkable,  as  it  thinned  out  so  rapidly.  The  Lower  Eimmeridge  limestones 
and  marls  form  the  cover. 

At  Klcinenbremen,  the  following  hsmatite-ueams  are  recog^niied,  in 
ascending  order:  (1)  Nammer-Klippen  scam,  13  feet  thick,  containing  from  15 
to  25  per  cent,  of  metallic  iron,  as  yet  unworked ;  and  (2)  Wolverwahrt  seaui 
(with  which  among  other  minerals  an  anthracitic  pyritous  coal  is  aiisoi*iated), 
4  feet  or  so  thick,  containing  in  choice  samples  46  per  cent,  or  more  of 
metallic  iron,  and  0*11  per  cent,  of  phosphorus,  the  average  content  of  iron 
being  from  38  to  4<)  per  cent.  This  seam  continues  in  depth  to  the  we^t, 
but  nips  out  in  depth  eastwar4. 

The  local  designation  of  "  seams  "  is,  the  author  remarks,  perhaps  in  fact 
hardly  applicable  to  all  of  these  hematite-deposits,  although  they  are 
conformably  interbedded  with  the  strata  among  which  they  occur,  and  both 
as  to  roof  and  floor,  sharply  marked  off  from  them.  Microscopic  examination 
shows  that  the  minute  structure  of  the  deposits  is  truly  oolitic,  and  ther 
are  in  this  and  in  other  respects  comparable  with  the  Clinton  ores.  They 
were  laid  dowu  in  sea-water:  ko  much  is  proved  t)y  the  pala^ontologiiai 
evidence.  He  concludes  that  they  originated  in  the  same  fashion  as  the 
mimttm  or  oolitic  iron-ores  of  Luxemburg  and  Lorraine:  iron-salts  in  solu- 
tion, l)roiight  into  the  sea  by  springs  or  rivers,  underwent  a  scrit^  t»! 
chemiral  reaetions,  the  final  result  of  which  was  the  precipitation  ot  the  in»n 
in  the  form  of  oxides  and  oxyhydrates.  L.  L.  IL 


TUE    ILVRYTES-DEPOSITS    OF    THE    ROSTEHEKC;,    NORTUEKN 

GERMANY. 

Die  Srhii'trMjHifhrorkommm  am  lid/iffhrrfff  uud  ihrt  /inithumj  mm  Sf0i/tfuit*tz  thr 

Ohtrhnir.tr    Kn.(jiinijt.        liy    H.     EvERlUNC.        Z*  ifsrhrijy    jnr    pmlti^h* 

(iiolotjity  1903,  vol.  .r I.,  y>af/*Ai  89-106,  with  Wtiijur*^  in  th*  ftJ't. 

The   R()stel)crg   (1.175   feet   above   sea-level)    is    the    highest    summit    of   a 

ridge  which  marks  the  boundary  between  the  rala?ozoic  massif  of  the  Harz 

mountains    and    the    Mesozoic    foot-hills,    in    the    district   that    liea    betwwn 

(truud  and   (Jittelde.     The   barytes   wears   in    apparent ly-ltodded   deposits  oi 

Permian  age  forming  the  very  top  of  the  Rosteberg;    and  a  hundn^d  fwt  or 

so    away,    in    the    rala»ozc>i<r    slates    is    the    old    lliilfe    Gottes    (God's    Uflp' 

motallifcrong  mine,  which  was  worked  for  many  generations.     Tlic  rvmarkabli- 

ot'currenco    of    the    RiistelKTg   crops    up   again    and    again    in    the    flcientific 

literature  dealing  with  the  Harz.  a  short  summary  of  which  is  jfivon.     After 

a  fairly-detailed  desi-ription  of  the  barytes-de posits  as  sivn  in   several  small 
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quarries  opened  up  to  work  it,  the  author  proceeds  to  consider  the  vexed 
question  of  its  origin.  All  the  evidence  that  he  can  adduce  points  to  its 
genesis  through  metasomatic  replacement  of  the  Zechstein  Limestone,  brought 
about  by  the  active  circulation  of  thermal  waters  carrying  barium,  etc., 
in  solution. 

It  has  been  shown  that  pure  barytes  is  being  formed  in  certain  West- 
phalian  collieries  at  the  present  day,  by  the  interaction  of  pit-waters,  some 
containing  barium  salts  and  the  others  sulphates  in  solution,  and  this 
is  in  localities  where  the  Carboniferous  is  much  disturbed  by  cross-faulting. 
The  Rosteberg  mineral  is  in  truth  genetically  connected  with  the  fault- 
fissures,  some  of  which  in  the  immediate  neighbourhood  were  infilled  with 
metalliferous  ores;  and  this  faulting  probably  originated  at  the  same  time 
and  from  the  bame  causes,  both  within  and  without  the  orographic  boundary 
of  Liie  Harz  massif.  But  the  Rosteberg  faults  are  at  any  rate  post-Permian, 
since  the  Permian  strata  have  been  disturbed  by  them;  therefore,  too,  all 
the  metalliferous  veins  of  the  Upper  Harz  are  post-Permian  (including  the 
God's  Help  vein).  The  long  process  of  mountain-building,  in  the  case  of 
the  Harz,  may  well  have  lasted  from  the  close  of  the  Devonian  into  Tertiary 
times.  Whether  the  metalliferous  veins  occupy  fissures  first  formed  during 
the  latest  movements,  or  whether  these  fissures  really  date  back  to  the 
earlier  movements,  and  were  continued  and  re-opened  by  the  later,  is  a 
point  still  in  dispute.  L.  L.  B. 


ORIGIN  OF  THE  PYRITES-DEPOSITS  OF  RAMMELSBERG,  GERMANY. 

Utbtr  merkwiirdigt  EinschlUsne  im  Kiodager  des  RammdHhergs  f>ti  Ooslar,     By 
Alfred  Bbboeat.     ZtUachrift  fur  jn-aktUche  Geofogie,  1902,  vol,  x.,  pages 
289-293,  with  2figurt8  in  the  text. 
In  contradistinction  to  Prof.  Vogt's  view  that  the  Rammelsberg  ore-body 
is  of  the  nature  of  a  vein-deposit,  the  author  holds  that  it  cannot  possibly 
be  anything  else   than  a  true   bedded   deposit,   which   was  formed   contem- 
poraneously with   the   Wissenbach   slates   and   is   a   member  of   that  series 
of  strata.     In  support  of  this  opinion  he  adduces  fresh  evidence  in  the  shape 
of  masses  of  iron-pyrites,  smooth  and  reniform,   which  occur  amid  the  so- 
called    "  mixed   ore "    (alternating   bands   of   fine    grained    chalcopyrite    and 
galena)  of  Rammelsberg;   these  are  unmistakably  concretions  formed  within 
a  sedimentary  bed,  and  would  of  themselves  be  sufficient  to  dispel  the  notion 
(if  it  were  otherwise  admissible)  that  the  pyrites-deposits  near  Goslar  were  the 
outcome  of  the  metasomatic  replacement  of  limestone.  L.  L.  B. 


PRECIOUS  OPAL  OF  DILLENBURG,  GERMANY. 

Opal  in  der  Oegend  von  DiUenhurg,  By  —  Locke.  ZeitJichrift  fur  praktlschc 
Geologitj  1903,  vol,  xi,^page.  303. 

The  author  recently  discovered  precious  opal  in  a  freshly  opened  exposure 
of  eruptive  diabase  on  the  right  bank  of  the  Irrschelde  valley,  2^  miles  north- 
east of  the  village  of  Oberscheld,  in  the  district  of  Dillenburg  (Nassau). 

The  mineral  occurs  in  bluish  to  milk-white  lumps,  varying  in  size  from 
that  of  a  hazelnut  to  that  of  a  walnut,  in  small  "nests"  in  the  diabase, 
sometimes  intergrown  with  red  haematite.  The  opal  showed  conchoidal 
fracture  and  (in  places)  most  brilliant  iridescence. 

In  some  cases  crystalline  quartz  was  associated  with  it.  L.  L.  B. 
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THE  NICKEL-OBES   OF   SOHLAND,   SAXONY. 
Ueber  eine  ntue  NickeierzlagerstdlU  in  Sach«en.      By  Dr.  R.  Bkck.      Ztit^tckrift  fir 
.pniktiHcht  Otologic,  1902,  v<d.  x.,  pagan  379-381. 

The  author  recently  announced  the  discovery  of  nickel-ore  deposits  in 
the  neighbourhood  of  Sohland,  district  of  Lausitz.  Meanwhile,  exploration- 
work  has  proceeded  apace,  yielding  new  information  as  to  th«  geological 
conditions  of  the  occurrence.  A  dyke  of  igneous  rock,  defined  by  the  author 
as  an  olivine-proterobase  rich  in  biotite,  some  33  feet  thick,  strikes  west- 
north-westward  through  the  Lausitz  granite,  and  its  northern  salband  has 
been  traced  for  about  2,300  feet.  The  ore  occurs  at  the  junction  of  the 
proterobase  and  the  granite,  dying  out  into  either  rock  into  a  mere  im- 
pregnation, and  then  disappearing  altogether.  At  the  bottom  of  the  Herberg 
exploration-shaft,  the  ore-band  attainH  thicknetwes  of  5  to  H  feet,  but  it 
dwindles  towards  the  outcrop  to  a  few  inches.  Where  the  igneous  rock  it 
least  decomposed  the  ore  is  mainly  (nickcliferous)  magnetic  pyrites;  nearer 
the  surface,  in  proportion  as  the  igneous  rock  is  more  decomposed  and  broken 
up  into  spheroids,  copper-pyrites,  and  then  malachite  and  limonite  make  their 
appearance,  forming  often  the  cement  ing-niaterial  of  the  spheroids  of  nemi- 
decomposcd  igneous  rock. 

In  the  richest  parts,  the  percentage  of  nickel  varies  between  4  and  '>. 
in  association  with  2  per  cent,  of  copper.  This  compares  favourably  with 
Canadian  ores  of  a  similar  character.  So  tar,  a  depth  of  only  35  feet  below 
the  surface  appears  to  have  been  reached,  but  it  is  believed  that  the  ore 
goes  down  to  at  least  double  that  depth.  A  second  shaft  has  been  sunk 
close  to  the  Saxon  frontier,  and  the  indications  are  promising,  although  th*" 
granite-junction  has  not  yet  been  struck.  L.  L.  B. 


PHOSPHORITE-DKPOSITS    OF    THK    VO(;TLAND.    SAXONY. 

IHt  PhoMphoritJuhruutj  dfM  VogtUintliHvhin  ObertUnr  nnd  dit  Vtrltrtitnnij  #//.* 
Phosphorifs  im  AU}Hiloozoicum  KurojHi^.  Hy  L.  Kri'FT.  Xtntf*  Jahrffurh 
fiir  Miun-nlogie^  (itolotjie  nnd  Pafaonto/ogif ^  1902,  XV,  lUihvjtdutnd^  y'r/" 
1-65,  and  ]tiaft^  I.-II. 

The  three  groups  into  which  the  Upper  Silurian  of  the  Vogtland  i^ 
divisible,  namely  the  Alum-Hhales,  the  Ochreous  Limestone,  and  the  SilioeouA 
Shales,  are  all  known  to  coutuiii  plioHphatcs  in  a  finely  divided  state:  but 
the  Silicoous  Shales,  and  more  especially  the  Alum-shales,  are  eharaeterintl 
by  the  occurrence  (in  plaees  very  abundantly)  of  phosphorite-nodules. 

The  nodules  vary  greatly  in  size  and  shape;  they  are  black  when  frt^shlv 
extrai'ted  troni  the  matrix,  but  weather  ultimately  to  a  light-gn»y.  .*<tnrv- 
times  they  coalesce  into  slabs  of  reniform  conrretiouH  some  2  inrhe»«  thiek. 
and  they  are  invariably  t4>ugh  and  difhcult  to  Hmash  up. 

The  author  made  a  series  ot  carel'ul  eheniiral  analyses,  which  yieldt»d  un 
the  case  ot  the  Leuchtsniiihle.  Plauen  and  Pohl  phosphorites)  alnmt  37  jht 
cent,  of  phosphoric  acid  and  from  25  to  45  per  cent,  of  lime,  the  othi-r 
principal  constituents  being  silica,  alumina,  magnesia  and  iron.  Traces  of 
iodine  were  detected  in  most  instances,  and  tluorine  in  one.  The  averai^* 
specific   gravity   of   the   mineral    is  3()1. 

The  nuclei  of  many  of  the  nodules  consist  of  fossil  organisms  (cnistacea. 
graptolites.  cephalopoda,  radiolaria.  etc.).  the  hard  portions  of  which  have 
been   converted   into   phosphorite.     Where   the   shales   contain   these   nodules 
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they  are  no  longer  pho^phatic;  but,  as  above-hinted,  the  shales  are  dis- 
tinctly phusphatic  where  the  phosphorite-nodules  do  not  occur.  This  gives  a 
clue  to  the  genesis  of  the  deposits.  The  organisms  decomposing  amid  the 
mud  of  the  Silurian  sea-floor  gave  rise  to  an  evolution  of  carbonic  acid, 
which  dissolved  out  the  phosphate  of  lime  whereof  their  endo-  or  ezo- 
skeletons  were  partly  made  up;  this  phosphate  was  replaced  by  the  less 
easUy-soluble  phosphate  of  lime  from  the  sea-water,  which  tended  gradually 
to  accrete  around  such  organic  nuclei  in  the  from  of  an  ever-thickening 
crust  or  nodule.  From  the  algae  in  the  sea-water  the  omnipresent  iodine  was 
evidently  derived. 

The  author  points  out  that  similar  phosphorites  occur  in  the  Upper 
Silurian  of  neighbouring  districts,  and  he  gives  a  brief  description  of  all 
such  occurrences  in  the  older  Palaeozoic  of  Europe  generally,  from  the  Lower 
Cambrian  to  the  Upper  Devonian  inclusive.  No  information  is  to  be  gleaned 
from  the  paper  as  to  the  working  (actual  or  prospective)  of  the  Vog^tland 
and  other  deposits.  L.  L.  B. 


GENESIS  OF  THE  ORE-DEPOSITS  OF  UPPER  SILESIA. 
Zur  Getiese  der  Obtj-fichle^ischen  Et-zlcuftrstatttn.  By  G.  GCrich.  ZeiUfchri/l  f&r 
praktuiche  Otologif.,  1903,  vol,  x».,  pwjes  202-205,  irith  1  figure  in  the  text. 
From  a  recent  study  of  the  **  main  ore-body "  or  lower  horizon  in  the 
Beuthen  basin,  the  maximum  thickness  of  which  is  40  feet,  the  auttior  arrives 
at  the  conclusion  that  the  same  causes  as  those  which  brought  about  the  dolo- 
mitization  of  the  limestone  country-rock  also  brought  about  the  deposition 
of  the  ores  themselves  (galena,  marcasitc,  ziuc-blende  and  calamine).  He 
considers  that  all  these  were  present  in  solution  in  the  Triassic  Sea,  not 
that  they  welled  up  through  the  fault-fissures  in  the  rocks.  The  dolomite  and 
the  associated  ores  occur  not  only  in  the  Beuthen  basin,  but  to  the  south- 
east in  Galicia  (Trzebinia  and  Krzeszowicc),  and  to  the  north-east  in  the 
Tamowitz  basin,  stretching  thence  into  Poland.  Fault-fissures,  it  is  true, 
are  not  wanting  over  this  vast  extent  of  country,  but  there  is  an  equally 
faulted  region  of  Muschelkalk  to  the  west,  without  a  trace  of  dolomitization 
or  ore-deposition.  L.  L.  B. 


COBALT-ORES    IN    THE    THURINGERWALD,    GERMANY. 

Neue  Kobaitau/achfuHse  im  Thilrmgertvalde.  By  P.  Kbcscu.  Zeitschrijl  der 
Deutsche n  GeoloyMchen  Oe^f^cha/ty  1902,  mi.  liu.,  Protokolle^  jHUjes  55-58. 
The  most  important  cobaltiferous  veins  in  the  Thuringian  Forest  are  those  of 
Schweina-GIiickabrunn,  described  in  detail  by  Dr.  Beyschlag.*  They  form  the 
infilling  of  fault-fissures  in  the  Zechstein  series,  and  the  metalliferous  impregna- 
tion extends  upward  into  the  limestones  as  well  as  downward  into  the  con- 
glomerates of  that  series.  The  thickness  of  the  veins  is  extremely  variable,  but 
the  richest  are  generally  those  of  medium  thickness.  Mining  industry,  which 
had  been  active  in  the  district  ever  Since  1720,  was  brought  to  a  standstill  in 
1850,  because  means  were  not  then  available  for  carrying  on  deep-level  workings. 
Within  recent  years,  however,  there  has  been  a  revival,  and  a  new  cobaltiferous 
vein  has  been  struck.  This,  the  so-called  Beyschlag  reef,  carries  smaltine  with  a 
gangue  of  heavy-spar,  and  ranges  in  thickness  from  a  few  inches  to  5^  feet. 
A  percentage  analysis  of  the  ore  yielded  the  following  result:   Cobalt  10'93, 

*  Zeitiichrift  fur  jyrahiacht  Gedogky  1898,  vol.  vi.^page  1. 
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nickel,  6*12,  arsenic  75*04,  iron  5*22,  copper  0*31,  and  sulphur  1'61,  correspond- 
ing to  the  formula  Co(Ni)^As  .  Attention  is  drawn  to  the  high  percentages 
of  nickel  and  arsenic. 

The  discovery  is  of  considerable  importance  for  the  German  colour-manu- 
facturers, as  most  other  cobalt-ore  deposits  in  Germany  haTe  been  worked  out, 
and  manufacturers  have  been  perforce  dependent  on  imports  of  foreign  ores. 

Meanwhile  exploration-work  is  going  on  in  the  neighbourhood  of  Konigsee, 
where  highly-fractured  masses  of  Zechutein  are  faulted  down  against  the 
Cambrian  formation.  The  decomposed  relics  of  cobaltiferous  veins  have 
been  found,  but  search  is  directed  to  unaltered  deposits,  and  the  author 
seems  to  view  the  prospect  as  hopeful.  L.  L.  B. 


THE  POTASSIUM   SALTS   OF  GERMANY. 

The  Potdnaium  Saif^t  bidv^try  of  Gtrniany,  By  E.  Mackay-Hkriot.  The  Enginttr- 
iiitj  and  Mini  fig  JouniaJ  [New  York],  1901,  tW.  Uxii.y  pages  462-463. 

The  discovery  of  natural  potassium  salts  in  large  quantities  in  Germany 
has  given  rise  to  a  new  and  flourishing  industry.  The  laws  of  ownership 
vary  in  the  different  states :  in  Old  Prussia,  the  salts  belong  to  the  man  who 
first  demonstrates  a  payable  deposit  to  the  Government;  in  Hanover,  they 
belong  to  the  landowner;  whilst  in  Brunswick  and  other  States  they  are 
a  Government  monopoly. 

Several  theories  of  the  origin  of  these  large  salt-areas  have  been  framed, 
but  modern  theory  teaches  that  the  salts  were  originally  precipitated  from 
sea^watcr.  It  is  unlikely  that  they  resulted  from  other  salt- form  at  ionii 
after  these  had  licen  dissolved,  because  the  foot>wall  is  generally  anhydrite 
aud  limcrttone,  which  can  hardly  have  been  explained  except  by  assuming  the 
(K'ean  as  the  source.  But  the  great  depth  of  the  North  German  salt-arvus 
points  to  the  conclusion  that  one  tilling  of  a  basin  could  not  have  bt-en 
responsible  tor  such  immense  deposits,  and  the  ocean  cannot  therefore  be 
taken  as  the  direct  origin.  It  is  much  more  likely  to  have  been  an  inland 
sea  either  temporarily  di8c<mnected  from  the  oi*ean  by  a  bar,  or  the  bar  would 
let  just  as  much  salt-water  pass  through  as  could  be  evaporated  by  thi* 
tropical  heat  ot  the  I'pper  Permian  era.  In  the  first  case,  the  bar  would  In* 
closed  either  by  raising  or  sinking  actions,  or  by  heaping  up  of  masses,  such 
as  sand.  All  these  obstructions  might  in  time  be  washed  away,  and  thu# 
permit  a  new  filling  of  the  sea-basin.       This  proi'css  could  often  be  repeated. 

The  North  German  salt-deposits  may  be  classified  into  two  types  as  re- 
gards occurrence.  The  Stassfurt  type  is  marked  by  its  regularity  of 
occurrence,  and  has  but  one  layer  of  potassium  salts.  The  Hanover  type 
differs  from  the  Stassfurt  tyix*  in  that  several  layers  or  nests  of  potasstium 
salt  are  found,  and  often  differing  from  each  other  in  composition.  All  tht 
paying  deposits  of  these  salts  in  Germany  have  been  found  in  the  I'pper 
Permian  formation.  X.  Y.  Z. 


BORINGS  FOR  SALT   IN   BADEN,   GERMANY. 

/>iV    Tif/l>f)hnintjtn  auj  SftiiiMcUz  In   liatUn   ini    Wnjhich  mil  deu«n   in   /'mi#Z>h. 

Bf/  Dr.  Otto  M.  Rkis.      ZtitMchri/t  fur  jtraktixrhc  (ieologifj  1902,  rW,  x., 

ftagfs  187-190. 

Borings  put  down  near  Diirrheim,   in  the  Grand  Duchy  of  Baden,   have 

■hown  that  the  thickness  of  the  Middle  Muschelkalk  in  that  neighbourhomi 
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averages  280  feet.  This  formation  contains  rock-salt,  anhydrite  and 
gypsum-deposits,  both  in  Wiirtemberg  and  Bavaria,  as  well  as  in  Baden; 
and  the  author's  main  purpose  is  to  correlate  the  salt-bearing  strata  in  those 
three  States  of  the  German  Empire. 

The  main  anhydrite-bed  (with  salt-impregnations)  at  Diirrheim  has  an 
average  thickness  of  82  feet.  The  corresponding  bed  is  much  thicker  in 
Franconia,  but  there  contains  no  salt.  In  .both  regions,  however,  the  im- 
portant (true)  salt-bearing  stratum  is  found  much  lower  down:  it  is  capped 
by  a  band  of  anhydrite  (thinner  in  Baden  than  in  Franconia),  and  including 
clay-partings,  etc.,  attains  a  thickness  of  about  100  feet.  A  clay-and-anhy- 
drite  parting  about  20  inches  thick  is  so  continuous  over  the  entire  area, 
being  proved  at  Heilbronn  as  well  as  at  Diirrheim,  that  it  is  held  to  represent 
a  widespread  geological  episode;  possibly  the  after-effects  of  an  interruption 
of  the  sequence  of  deposition  by  the  inflow  of  sea-water  or  fresh  water.  The 
rock-salt  above  this  parting  diminishes  in  thickness  and  purity  from 
Diirrheim  eastward;  indeed  for  some  distance  north-east  of  Schwcnningen,  the 
borings  put  down  failed  to  strike  salt  at  all.  L.  L.  B. 


BORINGS  FOR  ROCK-SALT  IN  BRUNSWICK  AND  HANOVER. 

(1)  Utber  die  Bohrungen  auf  Ka/uicUze   im  Nm^den  dtr  Stadt  Braunschweig ;  and 

(2)  Ueher  die   Ergeimi^e   einer  Bokrung  an/  Kalutalze   hei    Vorie   an   der  Bahn 

Hamiover-Altenheken,      By  J.  Kloos.      Zwol/ler  Jahreshericht  des   Vereins 
fur  XaturwiHHenschaff  zu  Brauimchtreig,  1902,  jmyes  60-67. 

Both  these  papers  emphasize  the  unhappy  results  of  speculative  borings, 
undertaken  in  defiance  of  the  geological  probabilities  which  can  be  postulated 
from  the  careful  study  of  the  tectonics  of  any  given  area.  In  the  Province 
of  Hanover,  boring  for  rock-salt  was  at  first  confined  to  those  districts 
where  the  Bunter  Sandstone  overlies  the  salt-bearing  Zechstein.  As  these 
districts  became  completely  parcelled  out  among  concessionaires,  speculators 
turned  their  attention  to  areas  where  the  Bunter  Sandstone  is  replaced  by  the 
next  later  formations,  Muschelkalk  and  Keupcr.  From  that  moment  all 
regard  for  scientific  methods  of  procedure  was  cast  to  the  winds,  and  borings 
were  put  down  on  the  rash  assumption  that  where  one  series  of  strata  was 
exceptionally  thick,  the  next  underlying  would  have  proportionately  thinned 
out,  and  that  consequently  the  salt-bearing  beds  would  always  be  struck  at 
somewhere  about  the  same  depth !  [So  much  for  the  marvellous  German 
*'  efficiency "  which  is  constantly  being  dinned  into  British  ears  at  the 
present  day.]  Soon  the  borings  were  extended  even  to  districts  of  the 
North  German  plain  where  the  Keuper  is  absent,  and  the  Cretaceous 
immediately  underlies  the  Tertiary  and  Drift-deposits:  in  a  few  isolated 
instances  these  were  successful.  Many,  on  the  other  hand,  were  stopped  in 
barren  strata  at  depths  of  1,600  and   1,900  feet. 

The  author  describes  the  Cretaceous  and  Jurassic  fossils  obtained  from  the 
boring-cores,  and  lays  stress  on  the  scientific  interest  of  the  borings,  which  is, 
of  course,  unaffected  by  their  failure  from  the  industrial  point  of  view. 

L.  L.  B. 
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THE  MINERAL  WEALTH  OF  THE  GERMAN  COLONIES. 
Die  nutzbaren  BodenachStze  der  Deutsckeu  Schutzgebiete.    By  A.  Macxx).    Ztitschrifi 
fur  praliUche  Oeofogie,  1903,  vol,  r».,  pagtM  28-33  and  193-202,  wUh  a  map 

in  the  text. 
Northern  Totjoland.—rA  hill,  which  rises  nearly  800  feet  from  the  plain, 
north-west  of  Banycri,  consists  almost  entirely  of  massive  hematite,  seamed 
by  quartz-veins.  Analysis  shows  98*43  per  cent,  of  iron  peroxide,  1*54>  of 
silica,  and  003  of  phosphorus  pentoxide.  Whole  hills  of  hspmatite  are  aUo 
reported  to  exist  at  Eabu  and  B&ssari. 

Central  ToyolaiuL — Lenticles  of .  red  haematite  interbedded  with  the 
quartzitcs  of  the  Santrokofi-Akpafu  range  yield  on  analysis  78*4  per  cent,  of 
iron  peroxide,  10*5  per  cent,  of  silica,  0*73  of  phosphorus  pentoxide,  and  9*98 
of  water. 

Kameruon«, — Gold  is  reported  from  the  neighbourhood  of  the  Edea  falls, 
and  in  Aboland  gold  and  silver  have  been  found  in  very  small  quantities. 
Limonite  is  of  widespread  occurrence  in  lateritic  deposits,  and  copper-ore 
has  been  reported  from  Baliland.  An  expedition  has  been  sent  out  to  study 
the  German  territory  in  the  Benu^  region  from  the  economic  point  of  view. 
Tin-oro  certainly  occurs  in  that  area,  but  how  and  where  the  natives  work 
it  is  as  yet  unknown.  Native  sulphur,  the  product  of  a  still  active  aolfcUara, 
is  found  in  considerable  quantity  on  the  northern  slopes  of  the  Kameroon 
range. 

(rerman  South^weAt  Africa. — Important  finds  of  native  gold  are  recorded 
from  the  river-beds  in  a  few  localities,  but  gold  in  fitu  is  always  associated 
in  that  region  with  other  ores.  For  example,  with  bismuth  at  several 
points  along  the  lower  course  of  the  Kuisib  river,  and  near  Oaogos;  with 
coppiT  along  the  courHC  of  the  Swakop.  At  Potmine  only,  on  the  last-named 
rivor,  haw  au  adit  hoeu  drivon  to  some  depth,  when  the  deposit  was  found 
to  become  completely  barren  of  gold.  The  Hurface-indications  in  the  ReholK»th 
district  awakened  great  hopes  in  the  early  eighties.  These  have  not  l^een 
fulfilled  so  far,  hut  enhanced  facilities  of  transport  (when  the  railway  replaces 
the  ox-waggon),  and  the  provision  of  a  fair  amount  of  capital,  may  make  it 
possible  to  work  certain  gold-reefs  there  at  a  profit,  llie  gold  occurs  in 
quartz-veins  Heaining  the  mica-schists,  and  is  associated  with  copper-ores. 
The  percentage  of  gold  varies  from  3  to  20  parts  in  a  million,  and  of  silver 
from  20  to  362  parts.  Pure  copper-ores  without  a  trace  of  gold,  occur  at 
Angra  Pequena,  Aos.  etc.  At  Gonip,  the  ores  are  both  auriferous  and  argen- 
tiferous. Much  exploration  and  prospecting- work  has  bi^en  done,  but  mining 
operations  have  not  been  seriously  started  as  yet,  at  the  so-called  Hope  mine, 
south-east  of  WaUisch  Bay.  At  the  Matchless  mine.  105  miles  east  of 
Gorup.  the  now  dormant  mineral-industry  may  well  be  quickened  into 
life  again  when   the  projected  railways  arc  built. 

In  Uie  Otavi  district  there  is  a  great  spread  of  limestones  wherein  coppt»r- 
glance  and  galena  occur  in  appawntly  payable  (plant it ies.  Magnetite-deposit!* 
have  Ik'cu  noted  in  the  gneiss  of  Angra  Peciuena.  Tgama.  Aos.  etc. 

The  fanions  diamond-bearing  "  blue  ground  "  stretches  fn>ni  British  intr» 
(ierinan  territory,  where  typical  cKMirrences  of  it  have  been  noted  in  t«»ur 
localities.  Coal  has  not  yet  been  struck,  and  such  graphite  as  occurs 
would  not  repay  working. 

Marble  of  promising  quality,  and  of  all  hues  varying  from  pure  whit^ 
to  deep  black,  is  found  at  several  localities  in  the  immediate  neighl)ourhiM>d 
of  the  Swakopmund  and  Windhoek  Bnilway. 

German  ?Jatt  Africa. — The  Colonial   .Vd ministration  has  reserved  to  itself 
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the  right  of  working  or  leasing  the  gold-placers  which  undoubtedly  exist 
along  some  of  the  watercourses.  Some  leases  were  granted  about  the  end  of 
1902,  covering  a  number  of  streams  which  flow  into  the  Victoria  Nyanza.  Gold- 
reefs  occur  on  the  Iramba  plateau,  but  one  gathers  that  they  would  hardly 
repay  working  under  present  conditions.  The  same  statement  appears  to  apply 
to  the  copper^  lead  and  iron-ores  reported  from  various  localities.  Coal 
occurs  in  the  Karoo  Beds  on  the  shores  of  Lake  Nyassa,  but  not  in  the 
workable  seams  on  the  eastern  shore;  while  on  the  north-western  shore, 
on  the  right  bank  of  the  Kiwira,  there  is  a  bottom  seam  16  feet  thick,  two 
seams  16  feet  thick,  two  seams  rather  more  than  6^  feet  thick,  and  one  5  feet 
thick.  The  coal-formation  crops  out  here  for  a  distance  of  more  than 
9  miles,  strikes  north  and  south,  and  dips  gently  eastward.  As  one  approaches 
the  British  border  the  seams  appear  to  thin  out.  Three  qualities  of  coal 
are  distinguishable:  a  lustrous,  graphite-like,  specifically  light,  non-stratified 
mineral;  a  compactly-bedded,  heavy,  bituminous  mineral;  and  a  shaly, 
generally  light,  but  sometimes  pyritous  coal.  The  first-named  usually  forms 
the  thickest  part  of  the  lowermost  seam ;  the  bituminous  coal  has  been  struck 
in  four  different  seams  at  various  horizons,  and  alternates  with  the  third 
variety  in  quite  a  number  of  other  seams.  Samples  have  only  been  taken 
so  far  from  the  outcrops,  and  so  it  is  not  surprising  to  learn  that  the 
percentage  of  ash  is  rather  high.  The  heating-power  of  the  bituminous 
coal  alone  is  stated  to  exceed  6.500  calories. 

Workable  deposits  of  mica  occur  in  the  Uluguru  range,  and  garnets, 
with  a  tinge  of  bluish-red  and  extraordinarily  high  refractive  power,  are 
found  among  the  weathered  hornblendeogneisses  of  the  Namaputa  district. 

Sub-fossil  gum-copal  is  found  in  considerable  quantities  in  sandy  soil 
in  the  coast-districts. 

Kaiser  WilMlmA-Lan/l  {_Panfic  Ocean']. — Beside^  gold-placers,  platinum- 
bearing  basalts  and  coal  have  been  proved.  In  the  Palau  and  Marschall 
Islands  are  vast  deposits  of  phosphates. 

China, — The  author  winds  up  the  tale  of  the  German  colonies  with  a 
sketch  of  the  mineral  resources  of  Shantung,  modestly  regarded  as  the 
hinterland  of  Kiaochau.  On  October  30th,  1902,  the  first  railway-train 
loaded  with  the  coal  worked  by  a  German  syndicate  at  Weihsien,  entered 
Tsingtau  station.  The  quality  of  the  mineral  is  about  midway 
between  good  Westphalian  and  the  best  Japanese  coal,  and  it  has 
given  satisfactory  results  when  tried  on  board  the  German  squadron. 
The  gfreatest  coal-field  in  the  province  appears  to  be  that  of  Poshan-Puki- 
Putsun  (170  miles  distant  from  Tsingtau).  The  coal-basins  of  Heishan 
and  Hsiho,  south  and  east  of  Poshan,  have  been  completely  worked  out  by 
the  Chinese.  The  Laiwu  coal-field  lies  in  a  mountain-district  apparently 
difficult  of  access.  Along  the  Hsiau-wonnho  valley  is  a  20  miles  belt  of 
Coal-measures,  with  a  seam  of  good  bituminous  coal,  6^  feet  thick.  Brief 
references  are  devoted  to  the  coal-occurrences  of  Ichaufu,  Tsau-chuang  and 
Kiichau.  L.  L.  B. 


BROWN    COAL   IN    GREECE. 

(1)  Neue  Bmunkohltn  in  Griechenland ;  and 

(2)  Ut1)er  einen  Rttinii  in  Theji^alien.     By  C.  Zengelis.      THchermak*8  Mineralo- 

giAche  nnd  Pe.trographiHche  MittheUumjeny  n.s,,  vol,  xx.  (1901)  ^)af/ej»  355-356. 

The  most  important  of  the  coal-deposits  recently  discovered  in  Hellenic 

territory    are   those   of  Thessaly,    Halonesos   and    K^mi.       The   Thess^lian 
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mineral  is  hard,  brittle,  pitch-black,  lustrous,  and  easily  combustible.  It 
has  a  specific  gravity  of  1*302,  and  its  conchoidal  fracture  is  so  well-marked  as 
to  place  it  alongside  jet.  The  other  coals  are,  properly  speaking,  lignites, 
dark-brown,  fibrous,  and  fairly  tough.  The  Kumi  lignite  is  now  being 
successfully  used  for  producing  generator-gas  to  heat  the  retorts  of  a  sulphur- 
refinery  in  the  neighbourhood  of  Athens.  Chemical  analyses  of  the  coalt 
and  lignites  yielded  the  following  results:  — 
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Following  upon  the  discovery  of  the  coal  in  Thessaly  in  1900,  a  variety 
of  the  mineral  retinite  was  found  in  the  same  province,  near  the  village  of 
Ylachokastania.  It  is  yellowish-red,  almost  completely  opaque,  hard,  and 
tough,  with  a  specifit-  gravity  of  1(K)23.  It  is  easily  ignited,  and  bums  well, 
with  a  smell  of  burning  amber.  At  temperatures  above  528°  Fahr.,  it 
begins  to  melt  and  to  decompose.  Chemical  analyHis  showed  that  it  contains 
78'47  per  cent,  of  carbon,  9-2:}  of  hydrogen,  l()-6  of  oxygen,  and  0*39  ol 
sulphur.  Its  calorific  power  ifl  estimated  at  9,056  calories.  It  yields  I '47  per 
cent,  of  ash,  and  from  it  by  solution  in  turpcntinc-<iil  a  good  adhesive  varni-^h 
can  l)e  made.  The  chemical  formula  to  which  it  niowt  nearly  approaches  is 
C     H     O,  which  is  that  of  many  ethereal  oils  and  resins. 

L.  L.  B. 


THE   COAL-FIELD   OF    DUTCH    LIMBURG. 

Lt  littHnin  IlonHUr  du  Llmboiinj  I/of/amlai^*.  liij  A.  Hakets.  AuHuaiir  </» 
/*A'<s(M'infi(m  den  Imyninirs  sortln  fl*  r h!eole  tie  Llnje,  1901,  wnV*  5,  ix*^.  xi'r., 
jMiytM  23.3-263,  and  2  p/aff  f. 

This  paper  begins  with  a  brief  history  of  the  recently- revived  coal- 
industry  of  Dutch  Liniburg;  and  we  learn  that,  as  far  back  as  1113.  the 
Abbots  of  Kolduc  jmHsessed  coal-workings  on  the  banks  of  the  Worm.  Of 
late  years,  cousidera}>le  extension  of  the  field  in  a  north-westerly  and  northerly 
direction  has  lK*en  proved  by  boring,  and  t)y  an  Art  of  the  Dutch  Iji^ginlaturt' 
of  July  12th,  HXH,  the  Stato  has  reserved  for  its  own  use  an  art^a  of  nUmt 
36,0(M)  acres.  Certain  other  areas  already  ccmceded  are.  moreover,  to  revert 
to  the  State  in   1945. 

The  author  publishes  on  a  reduced  scale  a  copy  of  the  section  and  map 
drawn  by  Mr.  <'.  Blankevoort,  the  engineer  who  sn{M'rintended  the  borings  on 
liehalf  of  the  (Jovernment  of  the  Netherlands.     Tliese  Ixmngs.  to  the  numWr 
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of  70,  are  spread  over  an  area  of  about  78  square  miles,  and  the  evidence  at 
present  available  is,  therefore,  not  quite  sufficient  to  admit  of  an  exact 
section  of  the  coal-field.  There  arc  doubtless  many  more  irregularities  and 
disturbances  than  can  be  pictured  from  the  data  supplied,  and  the  author 
points  out  that  it  is  not  often  in  this  area  that  the  seams  proved  in  one 
boring  can  be  absolutely  correlated  with  those  proved  in  the  next. 

He  gives  in  an  appendix  details  of  the  70  aforesaid  boringps,  about  a 
dozen  of  which  failed  to  strike  the  coal,  and  he  considers  that  the  only 
classification  of  the  seams  that  is  possible  at  present  is  one  based  on 
chemical  analysis.  Just  as  in  the  coal-fields  of  Westphalia  and  Aix-la- 
Chapelle,  the  coals  may  be  gfrouped  from  top  to  bottom  of  the  series  accord- 
ing to  ihe  decreasing  proportion  of  their  volatile  constituents.  In  this  way 
he  plots  out  a  map,  showing  that  the  highest  belt  of  coal  ranges  along  the 
northern  boundary  of  the  field  (g^s-coal  with  30  per  cent,  of  volatile  matter). 
He  recognizes  the  existence  of  a  fault  forming  the  eastern  boundary,  running 
in  the  same  direction  as  the  Feldbiss  fault,  which  has  been  traced  for 
several  miles  in  the  Aix-la-Chapelle  basin,  separating  the  anthracitic  seams 
of  the  Worm  district  from  the  bituminous  seams  of  the  Alsdorf  district. 
He  does  not  altogether  concur  with  Mr.  Blankevoort's  mapping  of  the 
boundaries  and  fault-lines,  and  gives  in  detail  the  reasons  for  differing  from 
that  engineer.  L.  L.  B. 


ANTIMONY-ORES  OF  CETINE  DI  COTORNIANO,  TUSCANY. 

Cenni  sui  MinercUi  defla  Miniera  di  Anlimonio  ddle  Cetine  di  Cotomiano.  By 
G.  D'ACHIABDI.  Atti  del/a  Societd  Toscana  di  Scieiize  NaturcUi,  Processi 
Verhaliy  1901,  iy)/.  xii,.,  pages  232-236,  with  I /(jure  in  the  text. 

The  antimony-mine  of  Cetine  di  Cotomiano,  in  the  province  of  Siena, 
was  worked  for  the  first  time  in  1878.  The  deposit  is  a  few  hundred  feet 
away  from  the  high  road  betwen  Siena  and  Massa  Marittima,  a  little  beyond 
the  gorge  which  near  Rosia  cuts  through  the  Montagnola  Senese.  It  consists 
of  a  band  of  chalcedonic  quartz  and  stibine  at  the  junction  between  the 
Permian  sandstones  and  the  Rhsetic  limestones  (thought  by  Mr.  B.  Lotti  to  be 
possibly  Eocene).  The  last-named  become  visibly  more  siliceous  as  the 
junction  is  approached:  whence  it  may  be  inferred  that  quartziferous  and 
antimoniferous  thermal  springs,  flowing  up  through  the  sandstones  without 
altering  them,  in  part  dissolved  away  the  limestone,  the  present  ore-deposit 
being  thus  metasomatic  in  character.  The  stibine  is  distributed  in  it  very 
irregularly,  there  being  some  points  where  the  ore  is  concentrated  in 
rich  masses,  and  others  where  there  is  scarcely  a  trace  of  ore.  The  strike 
is  nearly  due  east  and  west,  and  the  mass  is  split  by  fissures  running  north 
and  south,  containing  red  oxysulphide  and  white  oxide  of  antimony.  In  some 
places  the  quartz  is  cavernous,  and  impregnated  with  much  native  sulphur. 

Detailed  descriptions,  from  the  mincralogical  and  crystallographic  point 
of  view,  are  given  of  the  stibine,  stibiconite  or  antimony-ochre,  cervantite, 
chermesite,   sulphur,   quartz,   calcite,   and  gypsum    found   here. 

L.  L.  B. 
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ANTIMONY-ORES    OF    CAMPIGLIA    SOANA.    PIEDMONT. 
77  Oicbcimento  Antimonifero  di  Campiyiia  Soana  nel   Circondan'o  cTIvrta.      By 

V.  NovARESK.      Boliettino  del  Reafe  Comitato  geofagiro  d'/tcdia,  1902,  vof. 

rxxiiu,  pngtH  319-332. 
At  the  head  of  the  valley  of  Soana  di  Campiglia,  in  the  district  of 
Ivrea,  the  observer's  attention  is  attracted  by  some  '*  raddled  "  rocks,  which 
are  in  truth  the  Hmonitic  gossan  of  an  ore-deposit,  consistin^f  of  snlph- 
antimonitos  of  lead,  iron,  copper  and  silver.  The  mineral-outcrop  runs  for 
about  H  niiles  parallel  with  the  stratification  of  the  finely-schirttorte  gnoiASCA 
among  which  it  occurs,  north — 60®  to  70° — west.  These  fine  gneiiset 
appear  to  be  a  local  intercalation  among  the  cyclopean  masses  of  the  por- 
phyroid-gneiss  of  the  Gran  Paradiso.  Tlic  ore-body  really  consists  of  several 
groups  of  quartz-reefs,  superposed  at  intervals  through  a  thickness  of  ahont 
1,000  feet  of  gneiss.  The  exploration-work  so  far  accomplished  is  small,  is 
comparison  with  the  extent  of  the  deposit;  but  the  precipitous  nature  of 
the  crags  among  which  the  ore-body  occurs,  and  the  formidable  screes  under 
which  it  lies  buried  on  the  gentler  slopes  combine  to  make  such  work  very 
difficult. 

At  one  time  stibine  was  thought  to  be  the  chief  antimony-ore  present:  in 
reality  it  occurs  only  in  very  small  quantities,  and  it  would  appear  that  what 
was  mistaken  for  it  is  a  ferriferous  variety  of  jamesonite.  This  is  a  steel-grey, 
highly-fibrous  mineral  of  specific  gravity  5*48,  and  hardness  2  to  3.  Analysiii 
shows  it  to  contain  34*22  per  cent,  of  antimony,  40*21  per  cent,  of  lead,  3*62  per 
cent,  of  iron,  21*27  per  cent,  of  sulphur,  and  minute  proportions  of  copper,  silver 
and  gold.  The  author  enters  into  an  elaborate  comparison  and  study  of  the 
analyses,  appearing  rather  to  favour  the  hypothesis  that  the  mineral  consist <« 
of  a  combination  of  5  molecules  of  bcrthieritc  with  3  molwnlea  of  boulaniferitc. 
expressed  by  the  following  chemical  formula: — 5(Fe  Sb  S  )  3(Pb  Sb  S  ). 
Intimately  associated  with  it  is  a  fahlore,  brittle,  of  a  bright  grey  when 
fresh,  yellowish  or  iridescent  when  altered  by  atmospheric  agencies,  of  a 
hardness  greater  than  3.  It  is  a  tctrahcdritc  conspicuously  rich  in  silver, 
and  analysis  has  also  shown  it  to  contain  copper,  but  no  lead.  Pyrites  occum 
in  Icnticlcs,  always  clearly  scj.arablc  from,  and  never  mixed  with,  the  sulph- 
antimoniter>':  and  the  presence  of  galena  is  traceable  among  the  old  waj*te- 
heaps.  The  deposit  is  said  to  have  been  first  discovered  about  l'^i9.  but  it 
may  well  have  been  worked  for  silver  in  ancient  times,  of  which  there  is  n«»H 
no  record.  L.  L.  B. 

THE    ASPHALT-DEPOSITS    OF    RAG  USA.    SICILY. 

(itfr  d(tj<  AAphnltrorkfpmmen  mn  RnffUMa  {Sizi/ff»)  und  seiiif  infth.«ch*tj}fi>-h* 
ittdfutinnj.  /ii/ ]}k.  H.  Lot/,.  Zfitsrhn/t  jlir  prnkfiArhe  finJcMji*^  1903,  nJ. 
.r/.,  />nf/^H  *257-*26.'>,  irith  ."»  fi'jnvfH  in  th*  t^rt. 

The  **  compressed  asphalt  "  from  Ragusa  has  given  espe<'ially  good  result* 
when  used  as  a  paving-material  in  Germany,  so  much  so  that  municip.il 
contracts  in  that  country  are  let  out  in  most  cases  with  the  express  stipu- 
lation that  Sicilian  material  shall  be  used.  It  is  currently  termed  "  asphalt.*" 
but.  as  a  matter  of  fact,  it  is  a  bituminous  li^Ie>^tone.  In  this  )>a|)er.  the 
author  adopts  the  current  phraseology  for  simplicity's  sake,  and  restrict* 
the  t<'rm  "bitumen"  to  sundry  complex  constituents  which  are  soluble  in 
carbon-bisulphide. 

Ragusa,  a  town  of  s<ime  3(1. (NN)  inhabitants,  is  situated  on  a  high   plateau 
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-of  Miocene  limestone,  in  the  province  of  Syracuse,  in  the  south-eastern 
angle  of  the  island.  The  plateau  is  cut  off  by  a  faulty  with  a  downthrow 
of  many  hundred  feet,  from  the  fertile  plains  of  Vittoria  and  Comiso 
(made  up  of  Pliocene  deposits)  on  the  west  and  from  the  plain  of  Catania 
on  the  north-east;  but  the  Miocene  limestones  and  marls  slope  gradually 
to  the  south-east.  Basalts  and  volcanic  tuffs,  connected  with  the  Pliocene 
deposits,  occur  along  the  fault-line,  rising  in  Monte  Lauro  to  a  height  of 
3,034  feet  above  sea-level. 

The  pure-whdte  Lower  and  Middle  MiiK'cne  limestones,  with  marly 
intercalations  and  siliceous  lenticles,  are  at  least  1,8{K)  or  1,900  feet  thick; 
while  the  sulphur-  and  gypsum-bearing  Upper  Miocene  is  all  but  entirely 
absent  from  this  part  of  Sicily.  The  limestones  (including  the  asphalt)  are 
sparsely  fossiliferous,  but  evidently  of  marine  origin.  The  asphalt-quarries 
extend  for  1^  miles  along  the  upper  margin  of  the  Yal  Ermineo,  and 
also  occupy  a  narrow  belt  on  the  rim  of  the  plateau  itself  towards  the 
eaut.  The  asphalt-outcrops  are  not  easily  recognizable  at  first  sight, 
as  the  mineral  on  exposure  to  the  air  is  quickly  encrusted  with  a  thin 
white  film,  and  thus  looks  exactly  like  the  associated  limestone.  This 
weathered  surface-mineral  is  locally  termed  albame,  the  less  weathered  (con- 
taining from  7  to  8  per  cent,  of  bitumen)  ijfrhina,  while  the  better  quality 
(of  real  commercial  value)  contains  10  to  18  per  cent,  of  bitumen,  and  varies 
in  colour  Aom  chocolate-brown  to  nearly  black.  The  deposits  vary  greatly  in 
quality  and  in  the  amount  of  barren  limestone-cover  from  quarry  to 
quarry.  In  some  cases,  they  are  worked  opencast:  in  others,  it  is  found 
necessary  to  drive  adits  some  distance  into  the  hillside.  Still,  it  has  been 
proved  that  the  asphalt  does  not  extend  westward  far  into  the  plateau — 
the  "  linear "  extension  of  the  occurrence  is  one  of  its  main  characteristics, 
and  throws  some  light  on  its  origin.  "  Horses  '*  of  limestone  are  frequently 
found  in  ihe  midst  of  the  richest  asphalt,  and  sometimes  beds  of  asphalt  and 
limestone  alternate  repeatedly.  The  rocks  are  much  fissured  and  shattered, 
but  there  is  no  certain  evidence  of  considerable  overthrust. 

Rejecting  Prof.  Coquand's  views  in  regard  to  the  genesis  of  the  Ragusa 
asphalt,  the  author  holds  that,  like  other  bituminous  deposits  described 
by  Messrs.  Malo  and  Delano,  it  is  the  result  of  the  sublimation  or  upward  per- 
C3lation  through  fissures  of  gaseous  or  liquid  hydrocarbons.  These  were  prob- 
ably derived  from  the  decomposition  of  organic  remains,  vegetable  or  animal, 
perhaps  more  likely  the  former.  The  impregnation  of  the  limestones 
with  this  bitumen  is  supposed  to  have  taken  place  in  Pliocene  times. 

The  asphalt-industry  is  of  the  greater  importance  for  Sicily  that  sulphur- 
mining  there  is  in  a  moribund  condition.  The  new  industry  employs  at 
present  1,000  workpeople.  The  mines  owe  to  their  high  situation  freedom 
from  the  fevers  of  the  lowlands;  but,  although  work  goes  on  summer  and 
winter  alike,  the  innumerable  saints'  days  and  holidays  bring  the  number 
of  actual  working-days  in  the  year  down  to  180.  In  1901,  the  production  of 
asphalt  amounted  to  75,270  tons,  and  of  bituminous  limestone  (used  locally 
for  building  purposes)  to  4,100  tons.  The  output  has  increased  enormously 
within  the  last  10  years,  but  on  the  other  hand  prices  have  fallen  by  33  per 
cent.  The  neighbourhood  of  the  sea  and  cheap  freights  have  favoured 
the  worldwide  distribution  of  this  output.  Next  to  Germany,  the  United 
'States  and  France  are  the  most  Important  customers. 

L.L.P. 
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BAUXITE  IN  ITALT. 

Der  Bauxit  in  Italien,  By  Vittorio  Novasbse.  Zeitttchtift  JUr  praliitehe 
Otdwjit,  1903,  vol.  .rt.,  pagti  299-301. 

Bauxite  has  been  vainly  sought  for  manj  years  in  Calabria.  In  1900. 
great  masses  of  it  were  discovered  by  mere  chance,  at  several  localities  iB> 
the  Central  Apennines,  and  the  discovery  was  published  by  Prof.  Mattirolo  in 
May,  1901. 

The  Central  Apennines  consist  mainly  of  huge  massifs  of  Mesoioic  lime- 
stone, ranging  uninterruptedly  in  age  from  the  Trias  to  the  Upper  Chalk  and 
capped  by  the  Eocene  Nummulitic  limestone.  The  bauxite  occurs  among 
the  Urgonian  or  C'a/^ri/tVia-limestones  (Cretaceous),  at  practically  the  same 
horizon  as  the  bauxite  in  Southern  France,  in  very  extensive  beds  varying 
in  thickness  from  3^  to  26^  feet.  The  mineral  varies  in  colour  from  deep 
brownish-red  to  yellowish-red,  light-pink  or  cream,  is  soft  or  crumbly,  heavy 
(specific  gravity  2*95  to  3*45),  and  of  a  peculiar  pisolitic  structure.  The  pisolitic 
spherules  range  in  diameter  from  0*04  to  0*40  inch.  The  mineral  ia  evidently 
of  the  same  age  as  the  limestone-beds  among  which  it  is  intercalated.  Five 
analyses  of  the  bauxite  (from  Lecce  dei  Marsi,  Pietraroja,  Pescosolido  and 
Rocca  di  Mezzo)  are  tabulated,  showing  the  percentages  of  alumina  to  vary 
from  47*44  to  58*86,  and  of  iron  sesquioxide  from  18*62  to  36*37.  Silica 
and  titanium  oxide  are  invariably  present,  but  only  one  sample  yielded' 
phosphorus  pentoxide  (0*02).  The  Italian  bauxite  is  rich  in  titanium,  like 
some  of  the  French  bauxites  and  is  easily  attacked  by  sulphuric  acid. 

The  author  describes  the  deposits  of  Lecce  dei  Marsi  and  Peacosolido. 
both  of  which  localities  are  favourably  situated  in  regfard  to  transport- 
facilities.  They  are  practically  untouched  so  far,  only  some  preliminary 
exploration-work  having  been  done  on  them — sufficient,  however,  to  show 
that  there  is  enough  mineral  in  sight  to  supply  the  whole  of  Europe  for 
many  years  to  come.  L.  L.  B. 


CINNABAR-DEPOSITS  OF  MONTE  AMIATA.  TUSCANY. 
(1)  Sidhi  prohnh'ile.  K^itfnnn  di  hh  d'inrimeufo  Ciuahnhro  uti  Ca/rnri  Lia^ci  fitf<^ 
Al'hath'a    S*m    Sa/txtforr    {^fo^^f(    Aniinfn).       Hy    B.    LOTTI.       liiJl^ttiuo   ./'■' 
Htalt    (Unnitato  d'to/fM/iro   (Vltttlia^  IIIOI,   I'ol.  xxrii.,  />".'/♦*  t20(i*2ir>,   *rx(h  1 
Jifjure  in  flu  text. 
For    inoro    than    50    years    tho    inuunierablo    fragments    of    oinnal^ir    di<- 
Rcniinatod  in  tho  dotritir  depoHits  which  occupy  a  limg  belt  of  ground  ne;.r 
Abbadia  San  Salvatoro  have  ntimulated  pro«|)octorK  to  search  for  the  origin;»l 
ittruft  of  tlio  ore.     These   researches  have  U'en    lately   systematized,    with   tht 
result  of  arriving  at   what   is  no  lonjjer  a   mere  probability,   but   a   practii-j! 
certainty,  in  rep^ard  to  the  site  of  the  cinnabar-deposits. 

A  detailed  description   is  given  of  the  stratigrapliical   sui'cession    in  thi* 
area.       In  descending  order,  it  is  as  follows:  — 
9.  Pliocene  marine  shelly  clays  and  sands. 

5.  I'pper  F^)cene  shales  and  marly  limestones  iwith  the  latter,  at  II  Siei*- 
and  Le  Solforate.  are  intercalated  clays  containing  cinnal>ar^.  Kupliotid*"* 
and  other  st'rjHMitine-rtK-ks  are  associated  with   these. 

7.  ICocene  sandstones,  occurring  in  lenticular  and  wedge-like  mafso*. 
occasionally  dovetailed  with  the  overlying  limestones. 

6.  Nummulitic   limestone,  interbedded  with  rt»d  and  grey  clays. 
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5.  Argillaceous  shales  and  red  and  grey  fucoidal  limestones^  alternating 
with  reddish  calcareous  breccias  (containing  fishes'  teeth)  and  mang^niferous 
shales.      Probably  in  part  Lower  Eocene  and  in  part  Upper  Cretaceous. 

4.  Senonian  limestones  and  shales,  with  manganiferous  beds. 

3.  Upper  Liassic  shales  of  various  colours,  underlain  by 

2.  Shales  and  cinnabar-bearing  limestones,  also  belonging  to  the  Upper 
Lias. 

1.  Middle  and  Lower  Liassic  limestones,  passing  in  places  into  gypsum- 
beds. 

Exploration-work  has  shown  the  chief  cinnabar-deposit  so  far  known  below 
Monte  Amiata  to  occur  in  a  "  chaotic  mass  **  beneath  a  trachytic  sill,  165  feet 
thick,  which  is  itself  overlain  at  Lame  by  a  lacustrine  deposit.  Speaking 
generally,  both  the  Eocene  and  Mesozoic  formations  hereabouts  are  ridged 
up  into  anticlines.  The  metalliferous  (cinnabar-bearing)  clays  and  sands 
occur  also  in  the  lake-bed  above  the  trachyte,  which  itself  has  undergone- 
dislocation,  fissuriug  and  slipping.  It  seems  probable  that  all  these  cinna- 
bar-bearing beds  are  the  secondary  stage  of  pre-existing  deposits,  and  that 
the  primary  origin  of  them  is  connected  with  the  emanations  of  sulphuretted 
hydrogen  (pufrizze)  and  the  sulphureous  thermal  springs  so  common  in  this 
portion  of  the  Monte- Amiata  massif.  The  author  thinks  that  more  important 
cinnabar-deposits  than  those  yet  touched  will  be  found  in  the  Upper  Liassic 
rocks  of  the  district. 

(2)  Iku  Zinnohervorlommen  am  Maiitt  Amiata,  Toakaim.  By  Vincenz  Spibek. 
ZtUschrift  fiir  praktinche  Geologie,  1902,  tW.  x.,  payeM  297-299. 

In  1897,  the  author  explained  the  results  to  which  a  prolonged  study 
of  these  deposits  had  led  him,  in  so  far  as  their  genesis  is  concerned.  An 
acid  solution  of  sulphates  of  mercury,  iron,  and  other  metals  invaded  the 
argillaceous  limestones,  whether  of  Liassic  or  Eocene  age,  and  the  sub- 
sequent chemical  reactions,  especially  if  hydrogen  sulphide  were  present, 
favoured  the  formation  of  compounds  of  sulphur  with  calcium  and  the 
alkalies,  causing  the  mercury  to  be  precipitated  from  the  now  neutral  solu- 
tion in  the  form  of  red,  crystalline  cinnabar.  This  mineral  variety  can  be 
originated  only  in  the  presence  of  highly  sulphidic  alkalies  or  alkaline  earths 
in  neutral  or  alkaline  solutions,  otherwise  the  sulphide  of  mercury  appears 
as  a  black  amorphous  precipitate. 

The  argillaceous  constituents  of  the  limestone  formed  a  sort  of  protective 
crust  around  the  cinnabar,  shielding  it  from  re-solution,  and  in  the  hollows 
of  the  limestone,  pyriten  and  scleuite  were  aho  deposited  in  company  with 
it.  At  a  subsequent  period,  waters  charged  with  carbonic  acid  enlarged 
the  old  and  formed  new  hollows  in  the  limestone,  and  the  cinnabar  was  re- 
deposited,  this  time  in  association  with  calcspar;  or,  in  those  cases  where 
the  neighbouring  rocks  are  of  a  porous  character  (trachytes,  sandstones,, 
etc.)  the  cinnabar  was  actually  carried  away  by  the  circulating  waters.  It 
occurs  also  as  an  impregnation  in  the  most  recent  travertines. 

The  author's  views  have  been  confirmed  by  the  researches  of  Mr.  B.  Lotti, 
one  of  the  principal  officers  of  the  Italian  Geological  Survey,  and  by  the 
observations  of  Mr.  F.  Amman,  who  manages  the  newly-opened  mine  of 
Abbadia  San  Salvatore. 

The  point  that  remains  to  be  determined  is  the  source  of  the  sulphuric  acid 
metalliferous  solutions.  They  are  evidently  associated  with  the  eruptive 
magpma  which  formed  the  diabases  and  serpentines  of  the  district. 
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<3)  //  Motif e  AmicUa,     Bj  A.  Verri.     HoUtttino  cUlla  Sorif.td  ytofotjica  Italiawi^ 
191)3,  voi.  xxiL,  patjtH  9-39,  with  1  ttxt-fitjure  atid  ftfate  If, 

After  a  description  of  the  Mesozoic  and  Tertiary  Bcdim^utaries  which 
■overspread  the  country  around  the  central  mountain-mass,  the  author  devotes 
some  pages  to  the  volcanic  rocks  (largely  rhyolites  and  trachytes)  of  which 
Monte  Amiata  itself  is  built  up.  He  takes  the  opportunity  of  describing 
also  the  neighbouring  volcanic  mass  of  Hadicofani.  the  mere  remnant 
of  a  great  basaltic  eruption.  Both  that  cone  and  Monte  Amiata  stood  up 
possibly  as  islands  in  the  later  Pliocene  sea,  the  volcanic  phenomena  dating 
perhaps  precisely  from  that  period.  The  moribund  phase  of  vulcanicity  is 
represented  in  the  neighbourhood  by  numerous  thermal  springs,  some  of  which 
are  sulphureous,  others  ferruginous  and  highly  charged  >%ith  carbonic  acid. 

The  cinnabar  appears  to  be  impartially  distributed  among  the  Mes.izoio 
«edimentarios  (Cornacchino  mine);  the  Eocene  marls,  etc.  (Siele  and  Solfurate 
mines);  the  Eocene  sandstoncfi  and  Nummulitic  limestones  (Montebuono 
and  Cortevecchia  mines);  the  Pliocene  sedimentaries  (Saturina  mine);  and 
even  among  the  trachytes  and  the  overlying  lacustrine  deposits.  It  wa* 
worked  by  the  ancient  Etruscans,  who  used  the  ore  simply  as  colouring- 
matter,  and  again  in  mediaeval  times  (from  12()0  to  ].3()0).  Wars  and  plagues 
•decimated  the  country,  and  the  mineral-industry  was  not  revived  there 
until  1846.  In  1901,  the  mines  of  Abbadia,  Cornacchino,  Siele,  Solforate.  etc.. 
were  being  actively  worked,  and  the  total  output  amounted  to  278  tons  oi 
metallic  mercury,  the  average  yield  of  metal  from  the  ore  being  7'74  parts 
per  thousand.  Native  mercury  sometimes  occurs  in  "  drops  "  with  the 
<'innabar,  and  the  other  associates  are  iron-pyrites,  gypsum  (both  amorphous 
and  crystalline),  calcitc,  and  rarely  quartz.  At  Selvena,  stibine  also  occurs, 
while  at  San  Martino  cinnabar  is  found  in  an  antimony-mine.  The  richt-t 
ore  occurs  in  pipes  (or  pockets)  of  clay  or  sand  among  marly  and  other  lime- 
stones. 

The  author  Rumniarizes  the  various  opinions  expressed  by  a  succession 
of  writers,  from  1S5()  to  1903.  as  to  the  origin  of  the  cinnabar-depoMt«». 
AVith  diffon'ncoH  as  to  detail,  all  are  agreed  that  the  genesis  of  these  dep*»eiT'* 
U  undoubtedly  connected,  directly  or  indirectly,  with  the  volcanic  phenomena 
of  the  neighbourhood.  L.  L.  B. 

THE    BOGHEAD    OF    KESiriTA.    ITALY. 

Jifsiuttn  :     (\nui    «<//    (pf*ff(t    Srhi'<fo    ffifmtnno^o    { Boifhtnd).        AsuS.        [16    /"»:/• 
jHimfthU.t  pnhlixhnl  hy  a.  Snv  rzi  t   C,   Vtiiicf,  1901.] 

The  bituminous  ?>hale  of  Kesiutta  occurs  about  'A.'M)')  feet  above  sea-levei. 
and  2.6<)()  feet  above  the  Pontebbana  railway-line,  among  qH-rhaps  strati- 
graphically  below r)  the  Triawsic  strata  which  are  the  predominant  sedimen- 
tary formations  of  the  Tagliamento  river-basin.  An  analysis  shows  that  it 
contains  4717  ])er  cent,  of  volatile  matter  (and  water).  142  jH^r  cent,  of  tiled 
carbon,  and  'AH'.i:\  per  cent,  of  ash.  The  peneutage  of  sulphur  is  stated 
3H.17,  and  of  phosphoric  anhydride  in  the  ash  nsl.  Distilled  at  high  t« 
peratures.  the  "'  boghead  "  ])roduc(s  a  gas  of  exceptional  illuminating-p<twer 
At  lower  tein])eratures  it  gives  rise  to  a  whole  si»ries  of  coal-tar  products,  and 
heavy  and  light  oils.     The  specific  gravity  of  the  mineral  is  '^'\2. 

Experiment*,  made  by  the  ('ity-of-Veni<e  <Ja>*  Company  showed  thiit  th* 
distillation  of  the  Kesiutta  boghead  furnishes  a  gas  which  may  W  u«ed 
4>ither  by  itself  as  an  illuminant.  or  for  enriching  or  carburetting  ordinary 


a* 
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gas:  in  the  latter  case  the  addition  of  a  yery  small  percentagpe  of  it 
produces  a  relatively  considerable  effect.  The  coke  obtained  from  this  bog- 
head is  of  no  value  as  a  fuel,  but  if  ground  to  powder  it  is  available  for 
bleaching  and  disinfecting  purposes.  L.  L.  B. 


LIGNITES  OF  THE  VICENTINO,   NORTHERN    ITALY. 

Di  alcuni  Giadmenti  Ivjnitiferi  del  Vicentino.     By  T.  Taramelx.1.      Oioniale  di 
Otologia  prcUica,  1903,  roi.  i.^jmgts  141-144. 

The  author  agrees  with  Dr.  Dal  Lago  in  considering  that  the  Eocene 
lignites  which  crop  out  at  several  localities  in  the  province  of  Vicenza  are 
not  derived  from  peat,  but  from  vegetable  debris  (trunks,  branches  and 
leaves)  drifted  into  and  accumulated  in  the  lakes  and  estuaries  of  the  early 
Tertiary  period.  He  mentions,  by  the  way,  the  bituminous  lignites  of 
Zovencedo  and  Monteviale,  which  yield  but  a  small  output  and  that  of  poor 
quality.      These  are  of  Oligocene  age. 

The  most  important  deposits  of  the  province  lie  among  the  hills  through 
which  the  Ag^o,  the  Chiampo,  the  Alpone,  the  Illasi,  and  their  affluents  have 
cut  their  way.  In  the  valley  of  the  first-named  a  basalt-flow  may  be  seen 
underlying  the  oldest  Eocene,  while  elsewhere  the  Tertiary  sedimentaries  are 
traversed  by  intrusive  dykes  of  later  eruption.  The  oldest  lignite-deposit 
in  the  region  known  to  the  author,  that  of  Monte  Pulli,  rests  upon  Alveolina- 
limestones  with  intercalations  of  shelly  bituminous  marl.  The  mineral 
contains  much  sulphur,  was  first  worked  in  1841,  and  is  once  more  the  object 
of  mining  operations,  although  the  deposit  is  not  such  as  to  admit  of  working 
on  a  very  extensive  scale. 

Two  beds  of  li^i'e  have  be?n  traced  in  the  neighbourhood  of  Castelveccliio, 
west  of  the  Val  d'Agno.  Exploration-work  in  the  commune  of  Cerealto  has 
revealed  other  deposits,  too  thin  to  repay  systematic  working.  The  author 
visited  a  great  many  exposures  of  lignite,  some  of  which  were  worked  for  a 
time,  and  then  abandoned,  and  he  concludes  that,  on  the  whole,  the  Monte 
Pulli  deposits  alone  show  promise  of  continuous  remunerative  working.  The 
most  recent  statistics  as  to  the  annual  output  of  lignites  and  bituminous 
schists  in  the  province  of  Vicenza  fix  the  amount  at  about  11,000  tons. 

L.  L.  B. 


THE   ORE-DEPOSITS   OF   BROSSO    AND   TRAVERSELLA,    PIEDMONT. 
Die  ErUagtrstatten  von  Bro^Jto  nnd  Travemella  in  Piedmmit,     By  V.  Novarese. 

ZeiiMchri/i  far  praktiAche  Oeofoffie,  1902,  ?3o/.  x.,  jmges  179-187,  idth  A  figures 

in  the  text. 
Both  these  localities  are  in  the  district  of  Ivrea,  on  the  margin  of 
the  Alps,  near  the  point  where  the  Val  d'Aosta  opens  out  into  the  great 
plain  of  the  Po.  The  hills  consist  principally  of  mica-schists,  in  which  are 
included  numerous  masses  of  eclogite  and  (though  more  seldom)  extensive 
intercalations  of  crystalline  limestones  and  dolomites.  Between  Brosso  and 
Traversella,  at  the  watershed  which  divides  the  Val  d'Aosta  from  the  Chiusella 
valley,  a  biotite-hornblende-diorite  mass  is  intruded  among  the  mica-schists, 
sending  out  numerous  apophyses  in  the  shape  of  small  dykes  or  veins.  In 
that  neighbourhood  the  greatly  disturbed  mica-schists  are  traversed  by 
numerous  fissures  striking  north-westward  and  dipping  regularly  northward. 
These  fissures  are  undoubtedly  connected  with  the  genesis  of  the  ore-deposits. 
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The  diorites  have  altered  the  limestones  by  contact-metamof^kim,  aai 
in  parts  there  has  been  a  metasomatic  replacement  of  limestone  bj  oxides 
and  sulphides  of  iron,  and,  secondarily,  copper-pyrites.  The  phenomena  are 
comparable  with  those  observed  in  the  ore-deposits  of  the  Banate,  and  in 
the  contact-rocks  of  the  Christiania  district. 

The  author  then  considers  the  ore-occurrences  in  detail,  dividing  them 
into  three  groups,  the  first  of  which  comprises  the  magnetic  iron-ores  of  the 
Bersella  valley.  Mining  operations  began  here  as  long  ago  as  1487,  but  the 
industry  is  now  at  an  end,  and  the  old  workings  are  difficult  of  accesi. 
Nevertheless,  attempts  are  being  made  to  revive  mining  here.  In  the  upper 
part  of  the  valley  are  the  pure  magnetites  of  Montajeu  and  Gias  del  Gallo 
<5,300  to  6,900  feet  above  sea-level):  the  ore  is  associated  with  more  or  left 
serpentinized  olivine,  and  occurs  in  the  form  of  intercalated  beds  amonf 
the  limestones  (which  are  in  places  highly  silicified).  In  the  lower  part 
•of  the  valley,  are  the  iron-  and  copper-ore  depotiits  of  Traversella  properly 
.so-called.  They  are  very  near  to  the  great  diorite-mass,  and  with  the 
magnetite  are  associated  numerous  metallic  sulphides  and  a  host  of  accessory 
ores  and  minerals.  But  the  only  ores  that  occur  in  payable  quantity  are 
the  ubiquitous  magnetite  and  copper-pyrites. 

The  second  group  compriseH  the  specular  iron-ore  and  pyrites  of  BroA-u. 
From  the  point  of  view  of  facilities  of  transport  these  mines  are  much  better 
situated  than  those  of  the  Bersella  valley.  Working  has  been  carried  oa 
in  the  Brosso  mines  without  interruption,  from  the  time  of  the  ancieot 
Romans  dovm  to  our  ovm  day.  The  ore-bodies  arc  in  the  form  of  banks  or 
beds,  conformably  intercalated  among  crystalline  limestones  which  strike 
westward,  and  dip  30  to  40  degrees  southward.  The  thickness  of  the  ore. 
however,  varies  considerably,  from  nothing  to  200  feet  or  so.  Evidentlv 
both  the  specular  iron  and  the  pyrites  were  deposited  contemporaneou^lT. 
and,  although  they  are  not  found  intimately  intorgrown,  intrurtiont*  ol  the 
one  are  frequently  observed  in  the  other.  Tlie  pyrites  is  very  pure,  and 
shows  no  trace  of  copper.  Magnetic  pyrites  and  magnetite  octrur,  but  are 
not  worked  hereabouts.  The  average  annual  production  of  the  Brosso  minof 
amounts  to  2o,0(X)  tons  of  ore. 

In  the  third  group,  the  author  ranges  the  metalliferous  veins,  whiih 
occur  as  infillings  of  the  fissures  mentioned  in  a  previous  paragraph.  The 
•ores  in  these  arc  invariably  sulphidic,  and  (KTasionally  auriferous.  Siuh 
fiKHure-deposits  are  common  both  to  Brosso  and  Traversella,  and  the  gangue 
consists  of  quartz  and  spathose  iron-ore. 

There  is  no  doubt  whatever  that  the  genesis  of  all  the  ores  descrilied  in 
this  memoir  is  conntH.*ted  with  the  eniption  of  the  diorite.  which  took  place 
(in  all  probability)  subsequent  to  the  OligcM'vne  folding  of  the  Alps.  Mcta!- 
liforous  vapours  and  solutions  arose  directly  or  indirectly  from  the  eruptive 
mass,  and  made  their  way  through  the  liniestone-rockH.  These  wt»r«-  in 
part  dissolved  and  leached  out,  and  the  ores  and  gangue-minerals  were  laid 
^own  in  their  place.  L.  L.  B. 


THE  rrpRiKKRors  deposits  of  hena  de  padrv.  Sardinia. 

//  CriMt^fiJIa  *'.  In    Vnnndinitf  nr-lla  Minitnt  Cu/irijtni  di  H*un  («/«)  P*t4ir»  /»;>•«> 

O'Jtri.     By  DumenK'o  Lovisato.     Afti  thihi    fitn/t   An'tnUmin  dri  /.im--», 

1903,  MtrifM  ,'),  /it  nflianifi^  tW.  .rii.,  p  nj*  -^  81-S7. 

A   few   years  ago,   some   curious   outcrops   of   coppi»r-ore   were    diiu-overed 

ait    Bena  de  Padru,   on  the  slopes  of  Monte  Traniento,   atwrnt  a   third  ot  a 
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tfnile  distant  from  the  high  road,  which  runs  from  the  ancient  and  wealthy 
'borough  of  Ozierf  to  the  railway-station  of  Fraigas.  The  ores  occur  in 
the  belt  of  clay-slates,  which  alternate  with  the  calc-schists  overlying  the 
^•granulite,  the  last-named  being  the  basement-rock  of  the  district.  The  dis- 
-covery  was  made  in  the  course  of  prospecting  for  plumbiferous  veins,  which, 
however,  in  Sardinia  generally  become  barren  as  they  enter  the  granulite: 
the  copper-ores,  on  the  other  hand,  are  found  near  the  contact  with  that 
rock.  The  exploration-work  so  far  accomplished  has  revealed  three  separate 
**  veins,"  consisting  of  strings  of  lenticles,  largely  of  chrysocolla  (hydrated 
silicate  of  copper)  with  quartz  and  calcite.  Nearer  the  outcrop,  the  chryso- 
'Colla  is  almost  entirely  replaced  by  carbonates,  such  as  malachite,  azurite 
and  cerussite.  Deeper  down  chalcopyrite  occurs  in  masses,  traversed  by 
thin  veinlets  of  chrysocolla  and  quartz.  (Evidently  we  are  dealing  here  with 
a  deposit  originally  of  sulphidic  ores,  decomposed  by  various  agencies  into 
oxides,  sulphates,  etc.  The  chrysocolla  is  generally  amorphous,  compact, 
varying  in  colour  from  turquoise-blue  to  green  and  bluish-white,  and  encrusts 
the  schistose  rocks.  Chemical  analysis  shows  it  to  contain  about  40  per  cent, 
of  cupric  oxide.  In  the  centre  of  some  of  the  lenticles  is  a  reddish  chocolate- 
.coloured  mineral,  presenting  the  appearance  of  limonite:  on  analysis  it  is 
found  to  contain  34*5  per  cent,  of  cupric  oxide  and  38  per  cent,  of  iron  oxides. 
It  has  been  said  that  the  purest  copper-ores  in  these  deposits  contain  as 
much  as  67*7  per  cent,  of  metallic  copper.  Near  the  contact  with  the  granu- 
lite and  in  the  granulite  itself  are  small  cubes  and  lumps  of  galena,  also 
:a  vein  of  blende,  4  inches  thick.  Copper-ores  are  known  to  occur  at  other 
localities  in  Sardinia,  but  not  in  payable  quantity,  or  at  any  rate  in  such 
conditions  as  to  make  working  profitable.  Whether  the  deposit  at  Bena 
■de  Padru  is  likely  to  prove  of  industrial  importance,  is  a  question  which 
the  author  apparently  leaves  unanswered;  but  he  hints  at  the  difficulty 
of  treating  such  a  mixture  of  ores  as  that  described.  Yanadinite  (chloro- 
vanadate  of  lead)  a  rare  mineral,  and  new  to  Sardinia,  has  been  found  in 
-the  same  locality.  L.  L.  B. 


MANGANESE-ORES  IN  SARDINIA. 

IMUi  anaiUici  *m  a/cuni  Campioni  di  Mangaiiettt  di  Sard4igna,     By  C.  Rimatori. 

Atti  dtlla  Reale  Accademia  dei  Liiic^i,  Rtndiconti,  1901,  series  5,  vol,  jc., 

pages  226-232. 
The  author  points  out  that,  although  the  importance  and  the  wealth  of 
^he  ore-deposits  which  the  island  of  Sardinia  can  boast  are  well  understood  by 
his  countrymen  and  by  foreigners  alike,  but  little  has  been  done  hitherto 
-in  the  way  of  exact  chemical  analysis  of  the  mineral  products.  He  believes 
that  new  mineral  species  will  be  found  to  exist  among  the  lead-,  zinc-  and 
silver-ore  deposits  of  that  favoured  island.  For  the  present,  he  confines 
himself  to  a  study  of  the  manganiferous  ores.  Of  these  he  describes  eight 
specimens,  obtained  respectively  from  Padria,  district  of  Alghero  (2),  from 
the  pale  pink  trachytes  near  Punta  Giordano,  from  the  limestone  of  Pozzo- 
^maggiore,  from  the  volcanic  rocks  between  Ploaghe  and  Chiaromonti,  from 
the  andesitic  trachytes  near  Siliqua,  from  the  deposits  between  Bosa  and 
Montresta  and  those  on  the  islet  of  St.  Peter,  between  Capo  Rosso  and  Capo 
Becco. 

As   a  whole,  the  ores  are  varieties  of  pyrolusite,   but   that  from   Bosa- 
3iontresta  contains  20*68  per  cent,  of  lead  monoxide,  and  reminds  one  of  the 


88  NOTES  OF  PAPERS  IX  COLONIAL  AND  FOKEIGX 

wad  of  Baden  recorded  by  Prof.  Dana.  Those  from  Padria  and  the  Punti* 
Giordano  may  be  considered  as  varieties  of  psilomelane.  Sometimes  the* 
mangancse^re  occurs  in  the  form  of  nodules  and  small  concretions  (Padria. 
Pozzomaggiore,  etc.),  elsewhere  it  is  more  or  less  intimately  interminj^]«'d 
-with  the  mass  of  calcareous  or  trachytic  rock,  or  trachytic  and  andesitic 
tuff.       Complete   chemical   analyses  are   tabulated   by   the   author. 

L.  L.  B. 


PETROLEUM-DEPOSITS    OF    TKAMUTOLA,    ITALY. 

//  Petro/io  utJ  Ttniforio  di  Tramtito/a  (Potenza),  By  C.  Crkma.  Bo/ftttiuo  dtfht 
Socittd  (jeofo*jica  Italiauaj  1902,  voi.  xxi.,  paytJ*  xu-jcci.-xxxriii. 

The  author  was  recently  deputed  by  the  Department  of  Mines  to  report 
on  the  undoubted  occurrence  of  petroleum  in  the  district  of  Tramutola. 
Potenza.  The  oil-bearing  area  occupies  at  most  2  square  miles,  in  Xhe 
northern  portion  of  the  narrow  valley,  through  which  a  streamlet  called  thi> 
Cavolo  runs,  to  the  west  of  Tramutola.  Leaving  out  of  account  alluvial 
deposits  (Quaternary)  the  strata  are,  in  descending  order: — Kocene  clay- 
slates,  marly  limestones  and  sandntones;  Cretaceous  massive  grey  liiiu- 
stones;  Upper  Triassic  dolomites  (Hauptdolomit) ;  and  Middle  Triassic  sili- 
ceous schists  and  limestones.  The  bottom  of  the  valley  is  almost  entinly 
excavated  in  Eocene  rocks;  and  in  a  little  tributary  glen,  a  rather  brackish 
spring  wells  out,  at  the  junction  of  the  Eocene  and  the  Triassic  limestone, 
yielding  continuously  small  quantities  of  petroleum  with  the  water,  and 
occasionally  bubbles  of  gas.  The  oil  is  of  a  dark-brown  colour,  and  has  a 
specific  gravity  of  0-9.  Another  similar  occurrence  is  cited  farther  north, 
also  at  the  junction  of  Eocene  and  Trias;  and  a  few  shallow  )>orings  put 
down  through  the  Quaternary  de])osits  wliicli  overlie  the  F*<H'ene  in  tin- 
little  valley  of  Pietragrattata  have  also  struck  oil. 

The  author  is  disposed  to  infer  that  the  more  j:orou8  strata  of  the  Eoienr 
group  in  this  district  (the  marls,  and  especially  the  sandstones)  eonstitutf 
the  oil-reservoir:  they  are  more  or  less  regularly  folded  into  antidiuesi.  and 
alternate  with  imjiernieable  strata.  From  the  data  at  present  available  In 
comhides  that  there  is  little  hope  of  this  oil-field  proving  the  site  of  .i 
remunerative  industry,  but  adds  that  this  point  can  only  Ik?  definitely 
settled  by  putting  down  a  deep  boring.  L.  L.  IJ. 


lUON-OUKS    IX    SOVTHKHN    POHTHJAL. 

Ei>i  Nf  r.f    lin    <*inHirh*n   Porfn'fi/.       liy  ■       Wkrnkkk.       Zt.  it<*i'h rift   fit r  y#/YiJl^i».  *. 
finthttjn  ^  l(l(h2,  nJ.  .1-.,  jfftiftM  lill-l.Vi,  in'fh  4  />'«/»/##  <<  lit  th*  ttxt. 

A  (ierman  eoinpany  is  engag(>d  in  working  the  deposits  at  Villa  de  Fr.id*** 
in  the  district  ot  Heja,  province  of  Al<»nit4'jo.  Pr«»sjH'cting  has  shown  th.i* 
the  i)resent  area  of  mining  «>perations  in  that  regi<ai  is  suseeptible  t»i  wid 
extension. 

All  the  ores  apix>ar  to  Ik?  assiwiated  with  the  contact-zone  of  the  gn«'n- 
stones,  which  are  either  interlwdtied  as  sills  with  the  Archaean  nK-k«»  tr 
traverse  these  in  the  form  of  dykes.  The  ores  occur  sometimes  in  uti- 
mediate  contact  with  the  greenstones,  and  sometimes  in  contiguous,  apparently 
*' conta<'t-metamorphosed  "  strata  of  a  slaty  or  calcareous  character.  Tlit 
ore-lwHlies  assume  generally  the  sha])e  of  irregular  lentieles. 
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In  the  Pichoto  mine,  the  ore  is  a  crystalline-granular  magnetite  with  about 
56  per  cent,  of  iron,  7  to  8  per  cent,  of  lime,  3  to  4  per  cent,  of  silica,  and  0'012 
per  cent,  of  phosphorus.  At  the  outcrop  the  ore  is  changed  to  martite.  On 
account  of  its  excellent  quality,  it  is  much  prized  by  the  managers  of  several  of 
the  Rhenish-Westphalian  blast-furnaces.  The  country-rock  on  the  foot-wall 
side  is  greenstone  partly  very  tough  and  compact,  partly  decamposed  and  shaly.^ 
The  hanging-wall  is  limestone  of  a  curiously  granular  structure,  evidently 
much  corroded  by  contact-metamorphic  changes. 

It  appears  evident  that  when  the  greenstones  were  erupted,  aqueous, 
vapours  under  high  pressure  were  evolved  from  the  eruptive  magma,  and. 
carrying  along  with  them  iron  in  solution  from  that  magma,  impregnated" 
the  neighbouring  rocks.  Such,  at  least,  is  the  author's  view  of  the  genesis- 
of   the   above-described   ores.  L.  L.  B. 


PETROLELTM  IN  RUMANIA. 

(1)  Sopra  i  (Hachnenti  pefrofi/eri  dtlfa  Zona  neogenica  dtUa  Rnmema.     By  Ci.   de 

Angelis  d'Ossat.    (rioruale  di  Geologia  //>-a/ica,  1903,  ro/.  i. ,  pagcM  69-77 ;  aiicC 

(2)  RecherchtH  tHr  la  Compo-'^ition  cJnmiqne  d4H  pelroie^  roumaiiiM.      Bi/  P.  PoNi. 

Anuahs  ,^cieiitifiques  de  I'UnivtrMit^  de  Jaxfty,  1903,  rol.  ii.,  patjex  65-80. 

After  pointing  out  that  the  petroleum-deposits  of  Rumania  occur  in 
three  different  formations: — (1)  Cretaceous,  as  in  the  districts  ol  Prahova 
and  Dimbovitza;  (2)  older  Tertiary;  and  (3)  Neogene,  in  the  sub-Carpathian 
region,  the  first  author  states  that  his  attention  was  particularly  directed  ta 
those  of  the  third  or  latest  scries,  and  these  are  farthest  away  from  the 
main  Carpathian*  axis.  The  strata  are  Miocene  and  Pliocene  marls,  sands- 
and  conglomerates,  with  frequently-intercalated  beds  of  gypsum  and  rock- 
salt.  He  sought  in  vain  for  fossils,  and  noted  that  the  beds  are 
generally  much  disturbed.  He  stoutly  opposes,  as  regards  that  particular 
formation,  the  conventional  hypothesis  (true  elsewhere  in  a  vast  number  of 
cases)  that  the  natural  oil  is  to  be  looked  for  only  below  the  anticlines. 
Nor  does  he  regard  that  explanation  as  satisfactory  which  represents  the 
petroleum-bearing  beds  as  alternating  with  impermeable  strata,  and  form- 
ing the  remnant  of  a  partly  eroded  anticline.  His  view  is  that  in  the 
Rumanian  Neogene  belt,  oil  should  be  sought  for  on  exactly  the  same 
stratigraphical  principles  as  water-bearing  beds  are  sought  for.  It  is 
true  that  the  oil  is  lighter  and  flows  therefore  more  ersily,  but  he  reminds 
us  that  in  nature  it  is  invariably  accompanied  by  water. 

With  regard  to  the  genesis  of  petroleum,  although  he  favours  on  the  whole 
the  views  of  those  who  regard  it  as  of  organic  origin,  he  points  out  that 
in  some  cases  it  may  have  been  derived  from  some  of  the  processes  ex- 
cogitated by  those  who  uphold  the  volcanic  theory. 

The  second  author  gives  the  continued  results  of  his  investigation  into 
the  composition  of  Rumanian  petroleum,  carried  out  largely  by  means  of 
fractional  distillation.  He  had  already  shown  that  the  Colibasi  oil  contains- 
tetramethylmethane,  butane,  propane  and  ethane.  He  proceeds  to  show  that 
it  also  contains  trimethylmethane  (as  does  the  Pennsylvanian  and  Ohio- 
petroleum),  secondary  hexanes,  benzene,  tolulcne,  metaxylene  (much  more- 
abundantly  than  the  other  aromatic  carbides),  mesitylene,  etc. 

L.  L.B. 
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DIAMONDS  IN  THE   URALS,   RUSSIA. 

■Sur  Im  Gisemtnts  de  DiamaiUn  dans  I'OtircU.  By  W.  Mamontow.  HuNttiu  fit  U 
Social  ImpMale  de^  NaturalUteM  de  Mo«coh,  1902,  JVb.  3,  patfe  328. 
The  fortunate  circumstance  that,  in  the  summer  of  1899,  the  author  wa« 
enabled  to  enrich  the  collection  of  the  University  of  Moscow  with  the  first 
Russian  diamond  possessed  by  it,  is  made  a  peg  whereon  to  hang  a  compilation 
of  the  literature  of  the  Ural  diamonds.  In  the  Northern  Urals  none  of 
those  precious  stones  have  been  discovered  as  yet,  but  no  less  than  16 
diamantiferous  deposits  are  dotted  along  the  flanks,  both  eastern  and  western, 
of  the  Central  and  Southern  Urals,  and  222  diamond-crystals  (or  more)  hare 
been  obtained  there  within  the  last  73  years.  Generally  they  weigh  less  than 
a  carat. 

The  diamond  obtained  by  the  author  was  a  macled  crystal,  of  a  somewhat 
lenticular  shape,  weighing  1*107  carat,  and  was  found  by  a  peasant  in  the 
gold-bearing  sands  of  the  Polozhikha  streamlet,  in  the  neighbourhood  of 
the  village  of  Koltashi,  domain  of  Neviansk,  XTrals.       Since  then,  four  more 

•diamonds  have  been  found  in  the  same  deposit.  L.  L.  B. 


THE  MANGANESE-ORES  OF  YEKATERINOSLAV,  SOUTHERN  RUSSIA. 

JJie  Manganerdagtr  in  deti  Tertiartn  AblagerwigtmUj*  (rouvtrtiemeutH  JtkatrriHoMav. 
By  N.  SoKOl/)V.      M^moirtM  du  ComiU  y^ofojiqut,  St,   P*'ferAftoitnj^   1901, 
t'of,  xmii.,  Xo,  2,  hO  pagf*,  mthjtgnreji  in  the  ttjct^  and  2  j*lateM. 
These  ore-deposits,  which  are  now  the  object  of  active  mining  operations. 

•occur  near  the  south-western  border  of  the  Government  of  Yekaterinoslav. 

.east  and  west  of  the  great  grain-trading  centre  of  Nikopol  on  the  Dnieper. 
On  the  west,  the  ore-deposits  cover  an  area  of  ul>out  5(),(KM)  iun»s.  in 
the  upper  basin  of  the  Chertomlyk,  a  small  affluent  of  the  Dnieper.  The  ore 
consistrt  of  irregular  nodular  concretionti  of  pyrohisite,  of  varying  internal 
structure  (vesicular,  concentric,  crystalline,  etc.),  which  are  sometimes  dis- 
persed without  any  sort  of  order  through  a  black  loamy  l)ed,  and  S4>metimH« 
are  aggregated  into  a  regular  stratum  at  the  base  of  the  deposit.  Tlie  oiv- 
bearing  bed  rarely  exceeds  5  feet,  though  occasionally  it  reachcH  7  and  cvod 
10  feet,  in  thickness.  Its  floor  is  an  apple-green  siliceou.->  clay,  bearing  many 
impressions  and  casts  of  Oligocene  mollusca.  The  roof  is  UHually  a 
greeniflh-grey  plastic  clay,  unfossiliferous,  but  evidently  to  be  group*»d  with 
the    overlying,   abundantly   fossiliferous,    Sarmatic   clays. 

The  ridge  of  old  crystalline  rot'ks  of  the  Hulka  Malaja  Kameuka  tut*,  "ff 
the  mining  area  just  described,  from  the  very  similar  maiiguucsc-<»r*»  depit^iT". 
that  lie  east  of  Nikopol.  They  too  (K*cur  as  nodular  masses  and  band*  of 
pyrolusito  among  Oligocene  loams  and  <'lays,  but  here  they  rest  immediatdr 
upon  the  more-or-less  weathered  granite  and  gneiss.  In  places  the  ovi  r- 
lying  Sarmatic  beds  have  been  denuded  away,  and  the  deposits  are  mantled 
by  sub-ro<-ent  freshwater  silts  and  a*olian  l<ess.  \t  (ioredi**t.slie  and  Kni'^ni*- 
grigoryevka.  the  base  of  the  on'-de|)08it  is  formed  by  a  stratum  of  pyrolu«»iti- 
nodules.  about  the  size  of  hazel-nuts,  and  varying  in  thickness  troni  >*  X**  *' 
inches.  East  of  the  Tomakovka  river  is  still  another  ort^field.  covering 
about   12.r>(M)  acres:   very  little  exploration-work  has  been  done  on  it  so  far. 

Five  manganese-mines  altogether  are  at  work  in  this  rei^ion.  with  an 
estimated  annual  output  of  Ho.OIMJ  tons  of  ore.  Although  certain  oth<^r 
mangancsi'-ore-deposits,    on    the    Ingulez    river    below    Krivni    Rog.    are     'f 
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no  industrial  importance^  they  are  uupurtant  as  showing  that  there  is  still 
a  possibilxtj  of  finding  other  workable  deposits  in  the  vast  area  that  lies 
between  the  two  rivers  Ingulez  and  Bazaluk. 

The  author  describes  briefly  some  of  the  mollusca  characteristic  of  the  beds 
in  which  the  manganese-ores  occur.  In  the  main,  they  are  badly  preserved, 
and  the  casts  often  consist  largely  of  manganese.  On  the  other  hand,  well- 
preserved  sharks'  teeth  of  different  species  are  abundant,  and  the  evidence 
which  they  afford  has  induced  observers  to  assign  the  ore-deposits  to  the 
Middle  Oligocene  period.  The  author  reserves,  however,  his  final  opinion 
on  that  point,  until  he  shall  have  had  time  to  study  closely  and  work  out 
thoroughly  the  available  material. 

He  describes  in  some  detail  the  petrographical  and  chemical  characters  of 
the  ores,  and  it  may  be  noted  that  in  the  western  district  (Pokrovskoye,  etc.) 
they  contain  from  43  to  53  per  cent,  of  metallic  manganese,  while  in  the  eastern 
(Gorodistshe,  Krasnogrigoryevka)  they  contain  as  much  as  51  to  56  per  cent,  of 
the  metal.  The  proportions  of  sulphur  are  infinitesimal,  and  those  of  phos- 
phorus vary  from  0*0175  to  0*36  per  cent.  The  factor  which  mainly  affects  the 
•quality  of  these  ores  is  the  varying  amount  of  silica  present;  this,  again,  depends 
on  the  number  of  quartz-grains  mechanically  embedded  in  the  ore.  These  pyro- 
lusite-nodules  of  Yckaterinoslav  recall  vividly,  both  in  outward  appearance  and 
in  internal  structure,  the  nodules  dredged  from  the  ocean-bed  in  the  course 
of  the  deep-sea  explorations  of  the  "  Challenger  '*  and  the  "  Albatross  ** ;  it 
is  true,  however,  that  the  deep-sea  nodules  contain  more  iron  and  less  man- 
•ganese.  In  point  of  fact,  the  lithological  and  palsBontological  evidence 
taken  together  shows  that  the  Yckaterinoslav  deposits  were  formed  in 
shallow  water,  not  very  far  from  a  coast  line.  The  author  reconstructs  in 
imagination  the  Oligocene  geography  of  Southern  Russia,  and  discusses  at 
great  length  the  possible  origin  of  the  manganese.  He  seems  to  think  that 
it  may  have  been  derived  from  marine  plants,  peculiar  to  the  Oligocene  seas 
of  Southern  Russia  and  Transcaucasia,  which  had  the  power  of  elaborating 
'Or    at   least    concentrating    manganese    compounds    within    themselves. 

L.  L.  B. 


THE  HEMATITE-DEPOSITS  OF  THE  POKROVSKAIA  ESTATE, 
SOUTHERN  RUSSIA. 

Sur  h  GutemtjU  de  Mintrai  de  Fer  dans  le  Damaine  Pokrovnlcaia^   ProprUU  du 
Grand  Due  Aficfid  Xikofaieritch,      By  N.  Sokolov.      Bulletin  du  ComiU 
giologique^  St.  P^tershaurg,  1900,  vol.  xiu-.,  pages  407-421,  and  plates  VI I.- 
VIII.  (map  and  section). 
The  Pokrovskaia  estate,  the  property  of  the  Grand  Duke  Michael  Nikolaie- 
vich,    is    situated    at    the    south-western    extremity    of    the    Government    of 
Yckaterinoslav,   at   the  confluence   of   the   Bazaluk   with   the   Dnieper.    The 
brown   haematite   occurs  m   fairly   largp   masses,    among   mottled   clays   of   a 
vivid   red,    pink,    violet,    and    lilac   colour.     The    "  nests  '*    of   ore   attain    a 
maximum   thickness   of  3^   feet:    analyses   have   shown    that   the   haematite 
contains  between  40  and  50  per  cent.,  sometimes  even  more,  of  metallic  iron, 
mere  traces  of  sulphur,  and  very  small  proportions  of  phosphorus  (the  per- 
centage of  phosphorus  pentoxide  varying  from  009  to  015).     Some  samples 
contain     chromium.     The  ore-deposits  cover  an  area  of  about  18,000  acres; 
the  mottled  clays  are  overlain  by  the  Oligocene  sands  and  clays  containing 
imanganese-ores,    and    they    rest    upon    ancient    crystalline    rocks.      Among 
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these  are  granites,  gneisses,  dioritcs,  amphibolites,  chlorite-schists,  talc- 
schists  and  quartzitcs  seen  along  the  banks  of  the  Chertomlyk  and  the 
Solcnaia,  which  streams  form  in  part  the  boundaries  of  the  estate.  Ei- 
plorat ion-work  has  gone  down  to  a  depth  of  82  feet  below  the  surface  (at  the 
Nijni  Perevitzkaia  farmstead)  without  touching  the  bottom  of  the  hiematitic 
clays.  The  projected  railway  from  Nikopol  to  Krivoi  Rog  will  much 
facilitate  the  working  of  these  deposits.  L.  L.  B. 


THE    IRON-ORES    OF    MOUNT    MAGNITNAIA,    RUSSIA. 

Le  Mont  Ma4j)iitnaia  et  Hex  AhnfoHr**.  By  J.  Morozkwicz.  M^nwinM  dn  Cowif* 
g^oloijiqufy  St.  Peterttltourfjj  1901,  fo/.  xriiV.,  JVo.  1,  106  joa#/«x,  trith  ^fi*jnr»4 
ill  tht  tfxtf  6  pfatcM  and  1  gtoloyiral  map. 

Mount  Magnitnaia  rises  to  the  height  of  1,892  feet  above  sea-level,  <in 
the  eastern  slope  of  the  Southern  Urals,  149  milcn  distant  from  Miask. 
the  nearest  railway-station.  In  reality  it  is  a  massif  consisting  of  several 
hills  rather  than  one,  and  it  dominates  a  hilly  plateau  which  passes  east- 
ward into  the  Kirghiz  steppes.  It  covers  a  surface  of  OJ  square  miles,  and 
the  minimum  amount  of  iron-ore  which  it  contains  is  estimated  by  the 
author  at  upwards  of  4H,0(M),(i00  tons. 

He  gives  first  of  all  a  petrogruphical  description  of  the  roi-ks  of  the  masj«'f. 
pointing  out  that  these  are  essentially  of  eruptive  origin.  They  con>i>t 
of  granites,  fclsitcs,  diorites,  syenites,  porphyries,  dir.bases,  and  a  r-vk 
which  he  names  "  atachite,"  from  its  occurrence  on  the  crest  of  Mount 
Atach,  the  highest  summit  of  the  Magnitnaia  massif.  This  rock  is  "  briefly" 
defined   ns  a  cordierito-silliiriauite  vitro-orthophyro. 

To  the  (Tvstalliiie  rocks  of  secondary  formation  belong  the  granatiti- 
or  garnet-rocks,  and  the  associated  magnetite,  martito  and  ha'n'.atit»*-dep«»iit'.. 
The  ore-dc])osit.">,  although  not  strictly  continuous,  cover  an  area  of  aboi  \ 
500  acres :  there  are  frecpieut  nlternatitms  of  barren  rock  (dwomposed  garntt- 
epidote  rock  and  kaolin».  Msguetite  is  tiie  ]jn*doniinant  on*  r  it  »h-.  ur- 
occasionally  in  bhuk  compact  masses  that  look  as  if  fused.  This  cc>n:p.i<t 
variety  often  contains  as  much  as  a  third  of  its  volume  of  (piartz,  whilr 
the  non-i'oinpact  variety  frecjuently  consists  for  about  one  half  of  garnet.  In 
many  places  the  magnetite  is  partly  altered  into  uiartite.  On  an  average, 
the  ore  consists  of:  magnetite.  2.')  to  ."id  jht  cent.;  uiartite.  32  to  T><\  <|uartf. 
10  to  12;  garnet,  2  to  1>^;  kaolin,  nil  to  5.  Hjvinatite  occurs  lM)th  a-  ar. 
oxidation-product  of  magnetite,  and  indej)endent]y  in  the  form  of  lanre  l.ir 
crystals  in  the  garnet-rock.  In  mass  it  is  fre(juently  p<»r<ius.  and  > 
assMciati'd  with  rpiart/  and  elay,  as  well  as  |;yrites  and  gypsum.  Tl;** 
average  ])enentage  of  its  constituents,  deduced  troni  these  analyses,  i*  .  < 
follows. — ha'matite.  (>7  to  IH ;  (juartz.  nil  to  20;  kaolin.  2  to  13;  and 
pyrites,    nil  t<»   M. 

In  the  fissures  of  the  altered  argilla<eou>  and  garut t-bearin«j  nnks  a  con- 
cretionary ore  ociurs,  which  is  found  to  contain  lo  per  cent.  <if  pyrolu'«ite, 
HO  per  <'ent.  of  lin:onite.   and    10  per  cent,   of  clay. 

TIh'  general  charaiter  of  the  inm-ore  de])osits  is  summarized  as  follows  -- 
Tiiey  occur  in  alt<Ted  garnet-<*j)idote  and  kaolin-rocks,  which  rest  U|>on  men 
or  less  decnm|:o>ed  augite-f<»lspar  rocks.  The  greater  the  alteration  tha! 
the  garnet-bearing  rock  has  undergone,  the  richer  a.N  a  rule  is  the  depisi* 
The   ore    alternates    very    irregularly    with    the    country-rock,    amid    which    :t 
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•occurs  in  masses^  ni>sts,  or  beds.  The  deposits  are  generally  to  be  found 
^n  the  slopes  or  at  the  base  of  the  Magnitnaia  massif.  To  judge  from  the 
borings,  the  ore-deposits  show  no  particular  change  down  to  a  depth  of 
250  feet.  Impregnations  of  pyrites  begin  to  be  observed  at  about  50  or  60 
feet  from  bank,  and  nearer  the  surface  gypsum  takes  the  place  of  pyrites. 

The  various  theories  by  which  it  has  been  sought  to  account  for  the 
origin  of  the  Magnitnaia  ores  are  discussed,  and  it  may  be  observed  in 
passing  that  the  analogy  of  these  ores  to  the  famous  deposits  of  Blagodat 
and  Vysokaya  has  been  generally  noted.  The  author  concludes  in  favour 
of  a  gradual  hydro-chemical  metamorphosis  of  the  eruptive  augite-felspar 
rocks  by  the  intermediary  of  the  garnet-rock.  It  may  be  observed  that  the 
eruptives  themselves  contain  a  considerable  amount  of  primary  magnetite, 
which  was  probably  one  of  the  first  constituents  to  crystallize  out  of  the 
igneous  magma;  so  much  indeed,  that  one-tenth  of  their  weight  could  have 
been  transformed  into  ore.  It  is  further  shown  that,  in  the  Urals  at  least, 
augite  very  commonly  decomposes  into  chlorite  and  garnet,  setting  free  a 
■certain  amount  of  iron-oxide.  Garnet  itself,  decomposed  in  presence  of 
water  and  carbonic  acid,  may  give  up  as  much  as  30  per  cent,  of  free 
iron-oxide.  (It  will  be  remembered  that  in  certain  i:iUropean  localities 
pseudomorphs  of  red  and  brown  haematite  after  garnet  are  known  to  occur; 
and  that  garnet  is  a  frequent  associate  of  metalliferous  deposits.)  Quartz 
and  calcite  represent  the  last  phase  of  the  cycle  of  hydro-chemical  phenomena, 
wnich  resulted  in  the  separation  and  accumulation  of  a  considerable  quantity 
of  free  iron  oxides,  by  the  agency  of  garnet  and  epidote. 

The  few  outliers  of  sedimentary  rocks  that  denudation  has  spared  in  this 
neighbourhood  are  Lower  Carboniferous  and  Middle  Devonian  limestones. 

L.  L.B. 


THE    IRON-ORES   OF   TROITSK,    NORTHERN    IRALS. 
Snr  It  Minerai  de  Ftr  de  TroltMk  (Onml  du  Nord),     By  L.  Duparc  awl  L.  Mrazec. 
CompttH-renduft  heMomadaires  d^.s  Seancen  de  VAcadrmie  dttn  ScieiictiM^  1903, 
rof.  cxxxvi. ,  pcuje ■<  1 409- 1411. 

Troitsk  is  situated  on  the  left  bank  of  the  Kosva  river,  in  the  Government 
of  Perm.  Here  "  granite-porphyry "  crops  out  amid  the  Lower  Devonian 
strata,  and  with  it  is  associated  the  occurrence  of  iron-ores.  A  band  of 
magnetite  mixed  with  haematite,  from  3  to  56  feet  in  thickness,  is  observed 
wherever  the  igneous  rock  a]:pears,  to  have  developed  contact-metamorphism 
in  the  sedimentaries  of  earlier  age  than  the  Devonian. 

The  Osamka  mine  is  worked  opencast  at  seven  successive  horizons.  At 
the  lowest  level,  bands  of  ore  varying  from  20  inches  to  6^  feet  in  thickness 
are  separated  by  thin  partings  of  micaceous  homstones;  they  form  here  a 
very  flat  anticline,  which  at  the  succeeding  higher  levels  becomes  more  and 
more  accentuated,  until  it  pas.>5es  into  a  "  contortion-fault."  The  total 
thickness  of  ore  and  partings  in  the  anticline  amounts  to  56  feet,  the 
whole  dipping  gently  northward  below  the  porphyry :  while  near  the  southern 
end  of  the  mine  ore-bands  and  partings  abut  against  a  wall  of  porphyry. 
The  structure  of  the  ore  varies:  sometimes  it  is  absolutely  compact,  in 
other  cases  the  magnetite-crystals  form  a  sort  of  meshwork  amid  the 
interstices  of  which  white  mica  has  crystallized  out;  in  yet  others,  the 
magnetite  in  the  form  of  isolated  crystals  is  abundantly  disseminated 
-throughout  a  micaceous  and  lamellar  groundmass.    It  is  perfectly  evident  that 
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the  magnetite  is  the  result  of  metamorphism,  induced  bj  the  "  porphyry  " 
or  granitic  magma,  in  the  strata  which  are  now  homstones.  That  this  took 
place  before  Devonian  times  is  proved  by  the  fact  that  pebbles  of  tbe 
"  granite-porphyry  *'  occur  in  the  Lower  Devonian  conglomerates.  The 
somewhat  complicated  relations  of  the  rocks  arc  explained  by  earth-move- 
ments, both  pre-Devonian  and  post-Devonian.  L.  L.  B. 


THE  TUEGITE-ORES   OF   RUSSIA. 
Dit   Twjiterze  Bwudandt.     By  Pkof.   J.   Samojloff.     Ztit^chrijt  fur  prakfinchi 
Gecioffie.,  1903,  vol,  xi,,  fsoyM  901-302. 

Turgite,  a  hydrated  oxide  of  iron,  has  often  been  confounded  with 
h»matite  and  limonite,  and  there  are  still  some  mineralogists  who  refuse 
to  regard  it  as  a  distinct  mineral  species.  Its  chemical  formula,  as  given  by 
the  author,  is  2  Fc^O^,  H^O,  and  he  has  described  elsewhere  important 
deposits  of  it  in  the  Southern  Ural  (Bakal  mincA,  Zlatdust).  The  mineral 
was  first  identified  by  Hermann  in  1845  from  the  Turginsk  mine,  Bogoslovsk 
district.   Northern   Ural. 

Turgite-ores  have  been  recently  discovered  at  several  localities  in  Central 
Russia,  and  a  good  example  of  their  composition  is  given  by  the  chemical 
analysis  of  one  from  Yladimirovka,  in  the  Government  of  Tula.  This  showi^ 
the  following  percentages:  iron  sesquioxide,  8793;  silica,  2*  12;  alumina.  16; 
phosphorus  pcntoxide,  1*57;  and  combined  water,  6*52. 

Close  examination  of  iron-ore  deposits  in  various  parts  of  the  world 
is  likely  to  prove,  in  the  author's  opinion,  that  turgite  is  of  far  more  wide- 
spread occurrence  than  is  generally  imagined.  L.  L.  B. 


GLAUBER'S  SALT-DEPOSIT  IN  TRANSCASPIA. 
(r/anhf.rfidfzttchirhffn  iin  A(Uchi(lnrja.     By  Dr.   Carl  0('HSKNII's.     ZtitMt'h rift  fur 
ptfiktiMch*  (Uolotjlt^,  1903,  n>f.  .r/.,  jkhj*-  33. 

Tho  report  recently  published  by  the  Kiissiuii  Ministry  of  Agriculture,  i.ii 
the  rt'sults  of  a  Government  expedition  to  tlie  Gulf  of  Aebidurya,  nn  tin- 
eaHtern  eoant  of  the  ('uKpian  Sea,  announces  that  a  deposit  of  Glau^K*^^* 
salts,  some  (Jl  feet  thick,  orcurs  on  the  sea-b<»ttoni  there,  and  inerea<5't^ 
annually  in  thiiku^'sR  by  about  two-fifthn  of  an  inch.  Similar  <H'currenci-> 
are  reported  from  neveral  of  the  shrunken  lakes  of  the  Aralo-Ca»pian  dt- 
pression,  and  these  are  all  deemed  of  high  importance  from  the  point  of  view 
of  Russian  chemical  industry.  Indeed,  it  is  asserted  that  they  may  enal-lr 
Russia    in   time   to  become   the   world's   provider  for  soda. 

Meanwhile,  it  may  be  observed  that  the  neighbourhood  of  the  Acbidarra 
is  unmitigated  desert,  that  the  deposit  itself  lies  under  water,  and  th.it 
the  facilities  of  transport  are  not  particularly  favourable.  L.  L.  B. 


PLATINUM  IN  THE  NK'KEL-ORKS  OF  NOHWAY. 
Pliitinijthnlt  iin  Xonrn/isrh*  ii  yirkt/trz.      Bi/  PR<iF.  .7.  H.  L.   VtK;T.      X*  it  ^thrift  '*  ■ 

In    view    of    the    fact    that    the    Norwegian    deposits    of    nickol-oro    .inH 
magnetic  pyrites  are  very  similar,  both  geologically  and   mincralogioallv  'i* 
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those  of  Sudbury  in  Canada  and  Klefva  in  Sweden,  there  was  an  (i-priari 
probability  that  in  Norway  too  the  nickel-ores  would  be  found  to  contain 
platinum.  In  order  to  settle  this  point,  the  author  made  careful  chemical 
analyses  of  specimens  from  Ringerike  and  Evje.  The  former  yielded,  as  well 
as  platinum,  minute  proportions  of  osmium,  iridium  and  gold,  the  latter* 
traces  only  of  platinum  and  gold.  A  comparison  of  the  analyses  of  the- 
Norwegian,  with  those  of  the  Canadian  ores,  shows  that  the  ratios  of  per- 
centages, between  silver  and  nickel  and  gold  and  platinum  respectively,  are 
identical  in  the  ores  from  either  side  of  the  Atlantic.  Moreover,  it  is- 
now  possible  to  state,  that  whenever  nickel-ores  have  been  examined  for 
platinum  and  gold,  they  have  invariably  been  found  to  contain  both  these 
precious  metals.  Whence  the  author  concludes  that  the  gabbro-magma  from 
which  the  nickeliferous  magnetic  pyrites-deposits  were  originally  separated 
out  by  differentiation  must  have  contained  gold,  platinum  and  silver, 
and  that  the  mineralogical  composition  of  this  magma  must  have  been 
practically  the  same  in  Europe  as  in  America. 

He  lays  stress  on  the  point  that  platinum  in  the  native  state,  occurring 
as  it  does  chiefly  in  olivine-rocks  and  serpentines  derived  therefrom,  is  also 
th^  outcome  of  magmatic  differentiation.  On  the  other  hand,  platinum 
is  either  absent  or  present  only  in  infinitesimally  minute  proportions,  in 
such  ore-deposits  as  were  formed  by  hydrochemical  processes.  The  reason 
probably  is,  that  such  processes  did  not  develop  a  sufficiently  high  oxidizing 
or  chlorinating  power  to  dissolve  the  extremely  refractory  platinum-metals. 
It  is  easier  to  bring  gold  into  solution  than  platinum,  and  thus  while  the 
latter  is  of  more  widespread  occurrence  in  basic  eruptive  rocks,  the  former 
is  correspondingly  more  abundant  in  "  hydrochemical "  ore-deposits.  .The 
occurrence  of  the  above-mentioned  precious  metals  in  the  Norwegian  nickel- 
ores  does  not  seem  likely  to  prove  industrially  important.  L.  L.  B. 


COPPER-ORE   DEPOSITS  IN  SERVIA. 

Die    Kup/ererz/cujeratcitten  von  Rtbelj  mid    ll'w  iii   Serbien.      By  R.   Beck  and 

W.  VON  FiKCKS.     Ztit^chrift  fur  praktvicht  Geofoyie,  1901,  i-o/.  i>.,  pages 

321-32.3,  with  SJigures  in  the  text. 

The    deposits    described    in    this    paper    occur    in    north-western    Servia, 

south-west    of    Valjevo,    in    the    river-basin    of    the    Yablonica,    one    of    the 

tributaries  of  the  Kolubara.       The  cupriferous  belt  strikes  north-west  and 

south-east,    and   the   ores   are    associated   with    masses    of   serpentine    which 

appear   to   have    thrust    themselves    among   the    Mesozoic    sedimentaries    on 

the  northern  slope  of  the  Povljen  mountain-range.     So  far,  mining-operations 

have  been  confined  to  the  deposits  of  Rebelj  and  Wis,  in  the  neighbourhood 

of  the  village  of  Brezovica. 

At  Rebelj,  the  pale-grey,  argillaceous,  calcite- veined  Triassic  limestone 
is  intruded  into  by  an  apparently-conformable  sill  of  serpentine,  197  feet 
thick,  the  outcrop  of  which  can  be  traced  for  about  a  third  of  a  mile. 
The  serpentine  is  highly  decomposed,  much  slickensided,  and  very  rich  in 
magnetite.  Amid  it  lie  lenticular  masses  of  ore,  which  may  reach  a  maximum 
of  98  feet  in  length  and  53  feet  in  thickness.  Peripherally  they  consist  of 
copper-pyrites  with  which  iron-pyrites  and  serpentine  are  sparsely  inter- 
mingled, and  in  that  portion  contain  up  to  15  per  cent,  of  copper.  They  are 
poorer  towards  the  centre,  which  consists  largely  of  cubic  crystals  of  iron- 
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pyrites,  accompanied  by  copper-pyrites,  calcite  and  serpentine:  here  the 
percentage  of  copper  is  generally  less  than  5.  At  the  outcrop,  the  ore- 
bodies  pass  into  a  cavernous  brown  haematite,  containing  from  10  to  15  per 
cent,  of  cupper  (associated  with  it  are  fine  acicular  crystals  of  chalkotrichite, 
incrustations  and  crystals  of  azurite  and  malachite,  and  remnants  of  un- 
decomposcd  copper-pyrites).  It  is  to  be  observed  that  the  serpentine  at 
the  outcrop,  quite  apart  from  the  cupriferous  ore-bodies,  is  often  rich  in 
brown  haematite,  which  is  doubtless  derived  from  the  decompoHition  of  the 
magnetite  in  the  serpentine. 

At  AVis,  a  mine  buried  in  the  primaeval  forest,  the  Triassic  limestone  i-* 
again  broken  through  by  a  dyke-like  mass  of  serpentine ;  but  along  one  of  the 
salbands  a  mass  of  diabasic  thrust-breccia  intervenes  between  the  serpentine 
and  the  limestone.  The  ore  consists  of  irregular  lumps  of  copper-pyrites, 
mingled  with  but  little  iron-pyrites  and  serpentine:  these  lumps  may  weigh 
as  much  as  a  ton,  they  contain  from  8  to  14  per  cent,  of  copper,  and  occur 
always  very  near  the  juuciiou  with  the  breccia. 

Similar  cupriferous  deposits  are  found  along  the  same  .nountain-range 
at  Rudanovci,  Wuinovatz  and  Staniuareka.  They  are  all  comparable  genetic- 
ally with  the  occurrence  at  Monte  Catini,  in  Tuscany;  with  the  difference 
that,  in  Servia,  the  concentration  of  the  ore  in  its  present  form  took  place 
during  the  secondary,  complete  metamorphosis  of  the  olivine-bearing  mother- 
rock.  L.  L.  B. 


THE    COAL-FIELD    OF    BELMEZ,    SPAIN. 

Mtnwria  deMrriptifa  d*-  la  Cuencn  carhoniftra  dt:  Bthtuz.  By  L.  Mallapa. 
liohtiu  df.  la  ComitioH  dtf  Mnjm  (ftofiii/iro  dt  E^pa'ta,  190*2,  Mt^ri^s  '2,  n»^.  ri.. 
jut'lf^t  ISO,  ti^ilh  4  tt.vf-fttfurf  tj  and  j/Zatts  I. -J  I. 

Only  a  small  portion  of  this  basin  has  been  properly  explored  and  minid 
in  underground  workings,  and  the  author  says  that  much  work  remain- 
to  be  d<mc  Wforc  the  field  is  properly  developed.  The  seams  are  extrenieW 
irn*gular.  iinuh  disltK'ated,  and  the  measures  are  in  most  case.-*  cnviT*'*! 
by  a  thick  mantle  of  drift-deposits. 

The  exhaustive  memoir  under  review  is  divided  into  three  princip,il 
seetions,  the  first  of  whieii  deals  with  the  general  geology  of  the  coal-basin, 
the  second  is  a  detailed  descrij)tion  of  the  mines,  and  the  third  is  devoted 
to  industrial  etmsiderations. 

Tile  coal-basin  forms  a  lK»lt  of  about  37  miles  in  length  and  IJ  miles 
in  nie:\n  breadth,  extending  from  north-west  to  south-east,  parallel  to  thr 
Guadiato  river,  and  occupying  an  area  of  some  .")<>  stjuare  miles.  The  Coal- 
measunvs  are  flanked  on  either  side  by  older  strata,  and  by  igneoui*  t*h\* 
whieh  are  intrusive  in  the  Coal-measures  themselves  as  well  as  in  th»* 
older  strata.  Tlie  last-named  comprise  Archaean  crystalline  schists.  I'air.- 
brian  ?^lates.  Silurian  (|uart7.i1es,  Devonian  slates,  hiirhly-fossiliferous  lime- 
stones and  grits.  The  ijjneous  dykes,  bosses,  and  sills  are  generally  eitht-r 
(|uartz-por])hyries  or  diabases,  and  they  are  of  more  frecpient  oorurn'nir 
at  the  northern  than  at  the  southern  extremity  of  the  basin.  About  ft»ur- 
fitths  of  the  basin  is  masked  by  red  stony  clays,  and  more  or  less  to::- 
gl<inier;«t<'<l  giaveU  of  Quaternary  atje. 

Within  the  ba>in.  the  followins:  roek-grou])s  are  reeocfnii:ed :  CarlMiniiVnMi- 
Linn*-.tone.  sometimes  jammed  in  by  faults  anumtj  the  ('oal-measur«»s.  >Mrr'n 
<'ului-measures   (also   termed   bv   the   author   Lower   Coal-measures^,    and    th^* 
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Coal-measures  proper.  In  no  other  district  in  Spain,  or  indeed  in  Europe, 
■are  Coal-measure  conglomerates  so  extensively  developed.  Not  only  do  they 
occur  at  the  base,  but  are  intercalated  at  various  horizons  with  the  shales 
and  grits  which  accompany  the  coal.  Another  characteristic  is  the  abund- 
ance of  clay-ironstone.  The  coal  varies  in  quality  from  anthracitic,  dry, 
or  semi-bituminous,  to  bituminous.  Some  of  the  last-named  coals  are  very 
gassy,  others  not  at  all  so.  The  variations  in  thickness  of  the  seam  arc 
extreme,  ranging  from  131  feet  in  one  place  to  a  few  inches  in  another.  In 
fact,  the  definition  "  pockets "  would  bo  more  properly  applicable  to  the 
present  condition  of  the  deposits  than  the  term  "  seams.*'  Taken  as  a 
whole,  the  Coal-measures  strike  north-west  and  south-east,  and  dip  south- 
westward,  with  local  divergencies  from  these  directions. 

For  the  purpose  of  a  detailed  description  the  mines  are  divided  into  four 
groups-:  (1)  from  the  northern  boundary  to  the  town  of  Belmez;  (2)  between 
Belmez  and  the  Albardado  stream;  (3)  between  the  Albardado  and  Espiel; 
and  (4)  between  Espiel  and  La  Ballesta.  The  highest  seams  are  those 
nearest  the  Guadiato. 

The  history  of  mining  industry  in  the  basin  dates  back  to  1790,  and  at 
the  present  day  the  field  is  practically  parcelled  out  among  six  great  com- 
panies. Tables  of  analyses  of  the  various  coals  are  given,  the  maximum  and 
minimum  percentages  being  as  follows:  carbon,  75  and  48*4;  volatile  matter, 
43*2  and  13;  ash,  12  and  2*6.  The  seams  worked  in  the  Terrible  and  Santa 
Elisa  mines  are  especially  suitable  for  gas  and  coke  manufacture.  Some  of 
the  coals  are  very  tender,  and  make  a  lot  of  small  coal. 

The  deepest  shafts  described  are  the  Camondo,  on  the  Santa  Elisa  property, 
which  goes  down  to  a  depth  of  875  feet;  and  the  Can6vas,  on  the  Cabeza 
de  Vaca,  836  feet.  The  average  wage,  including  workmen  both  above  and 
below  ground,  is  2s.  8d.  per  day,  and  the  cost  of  output  per  metric  ton  of 
coal  varies  between  7s.  and  9s.  6d.  In  comparison  with  other  coal-fields, 
such  as  that  of  the  Asturias,  the  cost  of  pit-timber  is  excessive.  Pine- 
timber  (all  but  exclusively)  is  used,  imported  from  Portugal  or  brought  from 
Huelva  and  certain  districts  of  the  Sierra  de  C6rdoba.  The  coal-tubs  are 
generally  built  up  in  the  mines  themselves,  the  necessary  iron  or  steel 
being  imported  from  foreign  countries  direct,  or  brought  from  C6rdoba. 

The  cost  of  pumping  varies  greatly  from  mine  to  mine,  but  that  of  ventila- 
tion and  lighting  is  more  generally  uniform.  Guibal,  Ser  and  Mortier  fans  are 
used,  and  safety-lamps  are  very  generally  employed.  In  the  mines  of  the 
Santa  Ana  group,  however,  and  La  Calera,  fire-damp  being  present  (when 
present  at  all)  in  extremely  small  quantities,  it  is  thought  safe  to  use  naked 
lights. 

The  total  output  from  1861  to  1900  inclusive  was  close  on  7,000,000 
tons,  of  which  1,850,000  belong  to  the  quinquennium  1896  to  1900.  The 
author  believes  that  a  good  deal  more  coal,  immensely  more,  will  be  got 
from  this  basin  in  the  future.  In  fact,  given  the  proper  plant  and  improved 
means  of  transport,  the  output  within  the  next  twenty  years  could  be  in- 
creased fivefold.  L.  L.  B. 


THE  VALYERDE  BORING.   CIUDAD   REAL.   SPAIN. 

Sond^o  de  VaJrerde  (Cindtid-  Real).     By  Casimibp  Coello.     Bofetin  de  la  Comv^idn 
del  Mapa  geofdgico  de  E^aiia,  1902,  nerifs  2,  ro/.  ri.,  pntjes  2.53-256. 
About  the  end  of  1899,  in  the  township  of  Valverderc,  west  of  Ciudad  Real, 
and  very  close  to- the  Guadiana  river,  in  sinking  a  well,  rather  sandy  white 

VOL.  Mii.-i9w-ic>ot.  g 


98  NOTES  OF  PAPERS  IN  COLONIAL  AND  FOAEION 

clays  with  carbonaceous  patches  were  struck,  at  no  great  depth  from  tht 
surface.  This  gave  rise  to  the  expectation  that  coal-bearing  beds  might  be 
found  at  an  easily  accessible  depth,  and  so  a  company  was  formed  and  a 
mining  concession  duly  obtained.  There  was  some  justification  for  this,  at 
the  geological  structure  of  the  country  is  that  of  a  wide  basin,  surrounded 
by  a  rim  of  Silurian  rocks,  and  stretching  between  the  western  spurs  of 
the  Sierra  de  Alarcos  and  the  eastern  spurs  of  the  Alcolea  range,  down  to 
the  Guadiana.  Boring  operations  were  commenced  in  the  autumn  of  1900, 
but  were  stopped  at  a  depth  of  112  feet,  on  account  of  the  abundant  inflow 
of  water  and  the  loose  texture  of  the  rocks  bored  through,  which  were  con- 
tinually falling  in.  The  strata  consisted  of  clays,  marls  and  sands,  some 
of  which  wcro  carbonaceous  and  pyritous,  with  a  remarkable  plant-bed 
in  which  the  leaves  still  retain  some  of  their  green  coloration. 

In  the  spring  of  1901,  operations  were  resumed  some  90  feet  west  of 
the  first  spot,  but  the  boring  was  stopped  at  a  depth  of  217  feet,  on 
account  of  an  accident  to  the  apparatus.  Then  with  a  diamond-borer,  an 
attempt  was  made  nearer  the  centre  of  the  basin,  south  of  the  first  locality 
chosen,  and  a  depth  of  315  feet  was  reached  (in  grey  g^auwacke  with  ferru- 
ginous inclusions)  but  the  expected  coal-formation  was  not  met  with.  At 
a  matter  of  fact,  after  passing  through  Quaternary  and  Miocene  strata  the 
Silurian  had  been  struck,  thus  showing  that  the  Coal-measures  are  absent. 

L.  L.  B. 

THE  ORIGIN  OF  THE  PYRITES-DEPOSITS  OF  SOUTHERN  SPAIN. 

Uthtr  (ifiM  Auftrffen  uud  die  EntHtthung  dtr  Sild^jxuni^htn  Kirj4atjtrf*tatUH,  B}f 
Dr.  F.  Kl(m'KMANN.  ZeitHchrift  fi'ir  j/rakti^cht  (rto/oijif^  1902,  #v>/.  r.,  /"I'j*^ 
113.115. 

The  author  publlHhcs  here  the  conclusions  at  which  he  has  arrived,  att*r 
seven  years'  renewed  study  on  the  spot,  concerning  the  famous  pyritf»- 
deposits  of  the  provinces  of  Huelva,  Seville  and  Alenitejo. 

In  all  cases,  the  ore-beds  are  intercalated  conformably  with  the  surround- 
ing slates.  The  imaginary  unconforiiiities  which  have  Iwen  recorded  are  U\v 
outcome  of  hasty  or  inaccurate  observation.  Moreover,  the  ore-beds  are 
confined  to  the  CuIm-measureB.  the  8up{)<)8ed  intercalation  of  some  of  there 
among  the  Silurian  strata  being  now  disproved.  With  the  oro-occurrencos 
are  associated  eruptive  sills — consisting  of  quartzose  and  quartzlosR  pt»r- 
phyricH.  porphyrites  and  diabases;  also  amygdaloidal  tuffs.  The  sills,  tiwi. 
are  confoniiably  intercalated  among  the  Culm-measures. 

After  enumerating  the  reascms  which  forbid  him  from  regardini*  the 
pyrites  here  as  in  any  sense  a  vein-deposit,  the  author  points  out  that  onlv 
one  explanation  accounts  satisfactorily  for  the  origin  of  the  ore — it  is  a  c«»n- 
crctionary  scj^rcpation  within  a  plastic  clay-slate  mud.  saturated  with  tho 
chemical  elements  of  pyrites.  It  is  very  possible  that  this  segn'gation  wj-i 
initiated  and  accompanied  by  precipitations  of  pyritic  matter.  'ITio  mW* 
and  tuffs,  doubtless  the  outcome  of  submarine  volcanic  phent»mena.  wrn- 
the  *'  ore-lirimjers." 

Tile  author  traces  a  jyenetic  relationship  between  the  Spanish  pyritr*- 
deposits  and.  amnnjj  others,  the  blackband  ironsttmes  and  sphiprosidoritt* 
of  tlu'  Cnal-mcasures.  L.  L.  H 


TRANSACTIONS  AND  PERIODICALS.  9^ 

COPPER-ORES  IN  THE  TRIAS  OF  MINORCA  AND  GRANADA,  SPAIN. 

Criaderos  HedttneTitarios  de  Cobre  en  Menorca  y  en  Granada.  By  R.  S.  Lozano. 
Boletin  de  la  Comvi%6n  del  Mapa  geol6gico  de  Espaha,  1902,  iterit«  *2,  vol.  m. ,. 
page8  233-244. 

The  author  points  out  that  a  charact€r  common  to  nearly  all  the  cupri- 
ferous deposits  that  are  contemporaneous  with  the  sedimentary  rocks  in 
which  they  occur,  is  the  association  of  plant-remains  around  which  the 
copper-minerals  are  more  o^  less  concentrated,  or  sometimes  actually  take 
the  place  of  the  plants  by  metasomatosis.  Among*  such  deposits  are  those 
of  Mansfeld,  of  Bohemia  and  of  Russia  (Perm).  It  it  true  that  others, 
although  stratified,  contain  no  demonstrably  organic  remains,  such  as 
those  of  the  Caucasus,  El  Boleo  and  Rammelsberg.  With  the  foregoing 
he  is  inclined  to  correlate  the  Spanish  occurrences  which  he  describes. 

In  various  localities  of  the  Island  of  Minorca,  intercalated  among  the 
Lower  Triassio  sandstones,  are  cupriferous  deposits,  which  have  long  been 
known,  but  do  not  appear  to  have  attracted  serious  attention  until  quite 
lately.  The  best  known  district  lies  in  the  central  region  of  the  island, 
between  Mercadal  and  Monte  Toro.  The  copper-ore  occurs  here  in  a 
chemically-deposited  rock,  made  up  of  carbonates  of  lime  and  magnesia, 
with  a  large  percentage  of  silica,  and  some  alumina:  the  rock  is  defined 
by  the  author  as  a  magnesian  marl,  of  a  pale-grey  colour,  contrasting  vividly 
with  the  red  clays  and  sandstones  among  which  it  is  intercalated.  This 
marl  varies  in  thickness  from  1^  to  6  feet.  The  ore  is  chiefly  copper  sulphide, 
containing  no  less  than  64*2  per  cent,  of  the  metal.  It  impregnates  the 
lignite  which  occurs  in  the  marl,  and  the  plant-fibres  would  appear  to  have 
been  in  many  cases  metasomatically  replaced  by  copper-compounds.  Most 
frequently,  however,  there  is  an  intimate  intermixture  of  coaly  substance 
and  chalcopyrite.  Sometimes  there  are  two  bands  of  lignite,  sometimes  it 
pinches  out  altogether.  The  ore  where  purest  contains  as  much  as  79'8 
per  cent,  of  copper,  and  analysis  has  revealed  the  presence  of  0*016  per  cent, 
of  silver.  So  far  as  that  district  of  the  island  is  concerned,  only  this  one 
cupriferous  horizon  is  known.  It  is  worked  in  La  Rubia  mine,  which 
consists  of  a  haphazard  labyrinth  of  galleries,  communicating  with  three 
comparatively  shallow  pits,  that  serve  the  purposes  of  drainage,  haulage 
and  ventilation.  It  is  not  found  necessary  to  use  timbering  in  the  mine, 
as  the  rocks  do  not  easily  fall  in. 

The  Trias  covers  a  considerable  portion  of  the  northern  area  of 
Minorca,  and  in  this  region  undoubted  occurrences  of  copper-ore  are  recorded 
from  various  localities  over  a  belt  some  17  miles  in  length.  In  Lower 
Triassic  times  there  must  have  been  a  g^eat  lake  here,  the  waters  of  which 
were  saline  and  alkaline,  and  contained  in  solution  copper-salts,  derived 
either  from  cupriferous  emanations  proceeding  from  volcanic  rocks,  or  from 
the  decomposition  of  pre-existing  metalliferous  veins.  The  lake  was  prob- 
ably covered  in  places  with  a  floating  mass  of  vegetation,  and  as  the  plants 
decayed  and  fell  to  the  bottom,  the  organic  matter,  by  reducing  the  copper- 
saltfi,  brought  about  their  precipitation  in  the  form  of  sulphides. 

About  15^  miles  from  Granada,  near  the  road  to  Guadix,  in  a  mountainous 
district  about  1,000  feet  above  sea-level  are  the  metalliferous  deposits  of 
El  MoliniUo.  The  most  important  ore  is  a  highly  argentiferous  galena, 
but  there  are  also  cupriferous  deposits  of  the  same  age,  nature  and  origin 
as  those  described  in  Minorca.  Analysis  of  a  sample  of  chalcopyrite  mixed 
with   lignite,  yielded  59*76  per   cent,   of  copper.     Nothing  can   be   said   as 
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yet  as  to  the  possible  industrial  importance  of  the  copper-ores  here,  ss 
attention  hag  been  so  far  all  but  exclusively  devoted  to  the  very  rich 
galena-deposits.  L-  L-  B. 

IRON-ORES  OF   RiO   IBOR   (CACERES),   SPAIN. 
DcUm  iif.of6yico-minerw  fU  la  Promncta  de  CdctrtM :  Criaderon  dt.   //iVrro  *W  Kto 
lifor.     By  R   S.   Lozano.      Boletin  de  fa  Comuddn  dei  3/a/w  tjMli^pro  «/< 
Eftpafia,  1902,  Herten  2,  ifol.  W.,  jxigeM  205-219. 

The  mines  with  which  this  memoir  deals  are  situated  in  the  south-eastern 
comer  of  the  province  of  Cdceres,  in  a  mountainous  region  known  as  the 
Sierra  de  Guadalupe.  Ridges  of  quartzite  running  south-east  and  north- 
west divide  a  series  of  narrow,  picturesque  and  fertile  valleys  one  from  thp 
other.  The  greater  number  of  the  streams  flow  into  the  Rio  Ibor,  which  is 
perennial,  and  a  tributary  of  the  Tagus.  Most  of  the  roads  arc  mere  wheel- 
tracks,  but  there  is  a  good  cart-road  at  Almaraz,  which  is  S^  miles  distant 
from  the  railway-station  of  Navalmoral  de  la  Mata,  on  the  main  line  from 
Madrid  to  Lisbon.  The  nearest  ports  of  embarkation,  Seville  and  Lisbon,  are 
respectively  159  and  223  miles  distant,  as  the  crow  flies. 

The  strata  are  mainly  of  Silurian  and  Devonian  age,  and  iron-ores  occur 
in  both  series.  Hsmatites,  frequently  manganiferous,  infilling  fissures  or 
intercalated  among  the  bedding-planes,  arc  found  in  the  baKcmont  Silurian 
quartzites.  They  are  still  more  abundant  at  the  contact  of  the  quartcites 
and  the  slates,  and  are  indicated  by  gossans  exceeding  3  feet  in  thicknea. 
The  ore  is  extremely  tough,  more  or  less  silicified,  and  the  mangane«e- 
contcnt  is  often  very  high.  But  these  Silurian  hoematitcs  of  the  Rio  Il>or 
are  not  developed  in  sufficient  quantity  to  repay  working  on  a  large  wale 
in  modern  times.  'J'hey  are  neither  true  vein-deposits  nor  great  mass- 
deposits. 

Along  a  narrow  belt  of  Devonian  limestone  stretching  for  about  2.'*  miles 
from  south-east  to  north-west,  where  the  basement-beds  are  highly  meta- 
morphosed (dolomite,  sidcrite,  etc.),  occur  manganiferous  haematites  and 
limonitcR,  which  in  some  localities  were  known  and  worked  in  olden  dayis. 
There  is  not  much  opportunity  in  these  deposits  for  opencast  working  nt»w, 
and  most  of  the  mining  would  have  to  be  done  underground.  There  i*  no 
reason  to  believe  that  the  on?  will  be  found  to  increase  in  quality  ;»nd 
quantity  in  depth,  but  rather  the  contrary. 

The  author  descrilws  the  mincR  which  he  visited,  being  those  o!  S.tn 
Jose  So,  3  (no  good  ore  virti>)le);  Inimaculada  Concepcion  (a  s])ocimin  oi 
haematite  from  this  yielded  on  analysis  43  per  cent,  of  iron.  1*.33  pi»r  cent, 
of  mauganese,  0-25  of  sulpliur,  and  ()H.5  of  phosphorus),  which  apfH'.ir^  •« 
be  the  most  promising  mine  of  all;  San  Luis,  San  Cesiireo.  San  Ant^^ui-^ 
No.  2.  San  Miguel  No.  2,  San  Pablo.  San  Fabian.  San  Policarixi.  San  Juan 
Nofl.  1  and  2.  Viriato.  San  .lose  Nos.  1  and  2.  Virgcn  de  la  Montana.  Niii-tr.i 
Sefiora  de  Guadalupe.  San  Ildel'onso.  San  Henito.  San  Andre-*  and  .<.»n 
Fausto.  Taking  into  consideration  that  the  average  percentage  i»t  iron 
in  all  the  orcR  aRsayed  from  these  mincR  is  46.\  and  that  of  nianganc*»'  .*J. 
the  author  does  not  opine  that  they  would  rt»pay  the  very  heavy  !'-»*: 
of  transport  under  present  conditions.  The  building  of  a  light  r.ulw.tT 
to  Seville  would  coRt  RomethinKf  like  i'l.on().(MM).  a  ««um  which  could  hanlly  U» 
reimbursed    >)y   the  output   of   all   the   niincR   in   the   district   put    tnir«'th"r. 

1   :  .y^ 
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BOCK-SALT   AND    OTHER   USEFUL    MINERALS    IN    THE    MESOZOIC 

ROCKS  OF  SPAIN. 

Explicacion  del  Mapa  geoldffico  dt  Espaha :  Sintemas  pemiianot  triditico,  lidsicOy 
yjurd»ico.  By  L.  Mallada.  Memorioui  de  la  Comisidn  del  Mapa  ytol6g\cO' 
de  I^tpaiia,  1902,  vol.  iv,,  pagc'i  274-305,  504-506. 
Taking  the  geological  systems  considered  in  this  volume  in  descending 
order,  we  may  note  the  occurrence  of  haematite  in  the  Upper  Jurassic 
limestones  of  the  Sierra  de  Albarracin  (Teruel),  and  in  the  Liassic  clayey 
limestones  of  various  localities  of  the  province  of  Tarragona.  These  de- 
posits are,  however,  nowhere  of  industrial  importance.  Iron-pyrit«s  occurs 
in  cubes^  the  sides  of  which  measure  as  much  as  2  inches,  in  the  Bajocian 
limestones  of  the  neighbourhood  of  Agreda  (Soria)  and  in  the  Liassic  strata 
of  Anguiano  (Logrono).  Pyrolusite  occurs  in  a  belt  about  1,600  feet  wide 
and  over  1  mile  in  length,  in  clays  interbedded  with  Upper  Jurassic  lime- 
stones, in  the  province  of  Teruel.  It  has  been  worked  in  a  most  irregular  and 
desultory  fashion,  and  subsidences  have  taken  place  every  now  and  then, 
with  the  result  that  mining  operations  have  been  interrupted  for  many 
years  at  a  stretch.  A  pocket  of  manganese  has  also  been  worked  about 
1,500  feet  east  of  Coll  de  Amat,  in  the  province  of  L^rida. 

Unimportant  occurrences  of  blende,  calamine,  galena,  cupric  carbonate, 
and  nickel-ore  are  recorded  from  the  Jurassic  limestones  and  sandstones  of 
Yarious  localities.  Of  some  interest,  however,  are  the  lignite-deposits 
associated  with  clays  and  sandstones,  intercalated  among  the  Liassic  lime- 
Btones  in  the  provinces  of  Soria  and  Zaragoza.  Over  a  length  of  about 
2  miles  four  principal  seams  are  traced,  with  dips  varying  from  40  to  60 
degrees  north-eastward.  These  four  main  seams  vary  in  thickness  from 
12  to  20  inches,  and  the  mean  of  three  analyses  shows  the  following  per- 
centage-composition :  carbon  48*1,  water  and  volatile  matter  46*48,  and  aah 
6*4.  The  heating  power  is  equal  to  6,368  calories,  and  this  lignite  is  suitable 
for  purposes  which  demand  the  use  of  a  long-flame  coal.  Unfortunately 
these  deposits  are  by  no  means  so  extensive  as  they  were  originally  supposed 
to' be,  and  the  author's  view  of  their  industrial  importance  is  unfavourable. 
Thermal  springs  of  medicinal  value  occur  among  the  Jurassic  rocks  of 
various   provinces. 

Coming  now  to  the  Triassic,  we  find  that  in  Spain,  as  in  so  many  other 
parts  of  the  world,  this  system  is  characterized  by  the  occurrence  of  rock- 
salt  deposits  and  brine-springs.  More  than  90  per  cent.,  indeed,  of  the  salt- 
springs  known  in  Spain  well  out  among  the  gypsiferous  marls  and  clays  of 
the  Trias,  from  Santandcr  in  the  north  to  Malaga  and  Cddiz  in  the  south. 
In  the  province  of  Santander  are  rock-salt  deposits  of  considerable  thickness 
(30  to  150  feet).  The  salt  obtained  at  Imon  in  the  province  of  Guadalajara 
is  largely  consumed  in  Madrid,  but  the  salt-production  of  the  province  could 
be  much  increased,  were  it  not  for  the  *'  inborn  indolence  of  the  country- 
people.'*  A  fairly  detailed  description  is  given  of  salt-mines  in  the  pro- 
vinces of  Burgos,  Cuenca  and  Valencia,  and  of  the  dried  up  salt-lagoon  of  • 
Fuente  Piedra  (Malaga),  etc. 

As  to  metalliferous  ores  in  the  Trias  of  Spain,  the  most  abundant  and 
widespread  are  the  iron-ores,  especially  in  the  provinces  of  Almeria  and 
Murcia.  Certain  haematite- veins  which  traverse  the  crystalline  schists  of  the 
first-named  province  pass  up  into  the  overlying  Triassic  limestones,  becoming 
richer  and  less  siliceous  as  they  pass  upward.    The  percentage  of  metallio 
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iron  averages  from  45  to  50.  It  is  asserted  that  in  the  three  provincet  of 
Almerfa,  Murcia  and  Granada,  there  are  more  than  25,000,000  tons  of  this 
ore  in  sight. 

Plumbiferous  deposits  in  Spain  usually  occur  in  older  rocks,  neT«rthe- 
less  galena-deposits  of  considerable  importance  have  long  been  worked  among 
the  Triassic  limestones  of  the  Sierra  do  Gador  (Almeria) :  and  lead-oreu  are 
found  in  rocks  of  similar  age  in  the  provinces  of  Granada,  Logrofio  and 
Teruel,  and  in  the  island  of  Ibiza  or  Ivi^a. 

Copper-ores  in  the  Spanish  Triassic  are  of  widespread  occurrence,  bnt 
nowhere  do  they  seem  to  be  of  industrial  importance.  The  latter  statement 
holds  good  of  the  blende  and  calamine  recorded  from  the  provinces  of 
Granada  and  Almeria,  the  cinnabar  from  the  Sierra  Nevada  and  else- 
where, the  Triassic  lignites  of  Santander,  Alicante,  etc.  L.  L.  B. 


ASBESTOS-DEPOSrrS  IN  SWITZERLAND. 

J}it  AMlteAf/ager  (U>r  Alp  Qiiadrata  fm  Pow:hiai*o  (Gra'ohUiuU'n),      By  Dr.   Chb. 

Tarnuzzer.     Ztitschrift  fiir  praktiftche  Oeofogie^  1902,  iyV.  r.,  paii*j*  217-223, 

with  2  fiifurex  in  the  text. 
These  deposits  occur  high  up  on  the  divide  between  Yal  Quadrata  and 
Yal  Canciano,  in  the  commune  of  Poschiavo,  in  the  Canton  of  Grisons.  some 
3,300  feet  above  the  village  (or  6,800  feet  above  sea-level),  very  noar  the 
Italian  frontier.  The  asbestos  occurs  in  the  Green  Slate  Series,  or  ser- 
pentinous  Malcnco  rock,  as  the  older  Swiss  geologists  termed  it.  Mr. 
Bodmer-Beder  recently  made  an  exhaustive  microscopic  study  of  the  rock, 
and  pronounces  it  to  be  a  slaty  harzhurgite-serpentinc  rock.  The  same 
authority  considers  that  originally  it  was  an  eruptive  maits  made  up  of 
bronzit<*,  olivine  and  diopsido,  altered  to  its  present  condition  by  thrustinjr 
and  folding,  complicated  by  the  nietaniorpliic  effects  of  thermal  and  atiueuii^ 
agencies. 

The  percentage  of  lime  (5'67)  yielded  by  the  chemical  analysis  of  thv 
asbestos  leads  to  the  inference  that  the  typical  mineral  hereabouts  con^ist-i 
of  about  7  parts  of  chryHotilc-  and  bronzite-bastite  asbestos,  with  3  parts 
of  treniolitic  hornblende  and  diopside.  In  some  of  the  mines,  however, 
it  is  purely  treniolitic  aslnvstos,  and  in  other  places  homhlendic  or 
pyroxenic  asbestos.  The  mineral  of  Alp  Quadrata  is  commercially  valu- 
able, very  flexible,  long-fibred,  silvery-white,  or  else  gn'yi'<h- brown 
and  yellowish  in  colour.  Some  of  the  fibres  reach  2  feet  in  length.  Thcv 
are,  however,  deficient  in  lustre  and  look  like  weather-beaten  timWr.  Thi* 
usual  lenj^th  of  the  fibres  varies  lH»twc»en  4  and  H  inches,  and  the  thicknc>-« 
of  the  deposit  is  anything  between  a  mere  papery  film  coating  the  scrpt^ntim*- 
roi'k  and  a  layer  5  inches  thick.  There  occur,  however,  in  place-*.  |xi>iti%i' 
masses  of  ashest OS-rock,  wherein  the  fibres  are  not  so  well  develi»p**d.  If 
allowed  to  weather  on  the  mine-heap  for  a  time,  these  masgcs  Invome 
suitable  (as  a  second-rate  quality^  for  industrial  purposes.  The  distribution 
of  the  aslMstos  in  the  matrix  is  very  irregular:  sometimes  it  has  )>een  t«Mind 
(lose  to  the  out<rop.  sonietinics  ))ayable  quantities  have  only  l>een  got  ly 
wtirkinj;  pn'tty  deep  down.  The  asbestos-deposits  follow  all  the  contorti.*"- 
and  nip-oiits.  an<l  irregularities  of  the  slaty  ser|XMitine. 

Six  rninc^  wcn»  opened  up  on  these  deposits,  and  appear  to  have  all  l»een 
worked  out   in   I'^^n;   yet   the  ant  ho'  evidently  thinks  that  mining  oj^eratii.Ti* 
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could  be  reeumed  with  advantage  in  some,  at  any  rate,  of  these.  He 
estimates  that  the  output  from  the  best  localities  would  average  2  to  3 
per  cent,  (of  raw  asbestos)  of  the  quantity  of  rock  mined.  This  used  to 
be  considered  sufficient  in  the  Canadian  asbestos-mines,  but  improved 
appliances  and  methods  of  working  have  brought  the  percentages  there 
up  to  6,  10  and  15.  A  Zurich  firm  obtained  in  1901  a  concession  for 
re-starting  asbestos-mining  near  Poschiavo,  and  set  about  15  men  to  work, 
but  no  information  is  yet  available  as  to  the  results  obtained.  The  author 
^ves  reasons  for  considering  the  Italian  asbestos  vastly  superior  in  quality 
to  the  Canadian.  L.  L.  B. 


THE  AGE  OF   THE   TONGKING    COAL-DEPOSITS. 

Note  tnir  la  Flore  FoHfiilt  du    Tonkin.      By   R.    Zeillek.      Compha-rtndiui  du 

huiti^me  Cowjr^  g^ologique  infeniatioucU,  1900  [1901],  pagtA  498-501. 

The  abundant  specimens  of  ferns,  horsetails,  cycads,  etc.,  recently  sub- 
mitted to  the  author  from  the  mines  of  Ke-Bao,  Hong-Gay,  etc.,  as  well 
as  the  discovery  of  an  ammonite,  amply  conQrm  the  conclusion  at  which 
he  arrived  as  long  ago  as  1882  (but  then  only  on  the  faith  of  a  few  speci- 
mens), that  the  coals  worked  there  are  of  Rhsetic  age.  The  lithological 
facies  of  the  rocks  had  induced  some  geologists  to  refer  them  (erroneously, 
as  it  now  appears)  to  the  Carboniferous  system. 

Besides  these  coal-deposits  of  Lower  Tongking,  it  may  be  remembered 
that  coal  also  occurs  on  the  Upper  Bed  river,  at  Yen-Ba'i,  where  it  was 
discovered  a  few  years  ago.  So  far  as  can  be  ascertained  from  the  plant- 
remains  found  in  it,  and  the  associated  freshwater  mollusca,  it  is  of  Middle 
or  Upper  Tertiary  age.  L.  L.  B. 

THE  MINERAL  WEALTH   OF   BUKHARA  AND   TURKESTAN, 
CENTRAL    ASIA. 

Notice  g^ologiqite  sur  Icji  Riche-sfte^  MindrcU&t  de  la  Boukharie  et  du  TurkeJttait,  By 
E.  D.  Levat.  Bulletin  de  la  Sociit^.  Oiologique  dt  France,  1902,  ftents  4, 
t*ol,  a. ,  pagtM  439-455,  toUh  7  figurtu  in  the  text  and  1  plate. 

The  author  went  on  a  four  months'  journey,  in  the  first  half  of  1902, 
into  Central  Asia  on  behalf  of  the  French  Government,  and  unusual  facilities 
were  therefore  placed  at  his  disposal  by  the  Russian  authorities. 

Starting  from  Charjui  on  the  Amu  Daria,  the  author  proceeded  up  that 
river  to  the  present  terminus  of  steam-navigation,  the  intrenched  camp 
of  Patta  Gissar.  Landing  there,  and  noting  by  the  way  the  occurrence  of 
saliferous  marls  alternating  with  gypsum-beds,  all  of  Cretaceous  age,  he 
followed  the  river-bank  up  to  Sarai.  Turning  thence  abruptly  northward, 
he  soon  left  behind  the  great  loess-formation  (Quaternary  seoliau  drift) 
which  fringes  the  Amu -Daria  plain,  and  entered  upon  an  area  of  Tertiary 
grits.  These  gradually  pass  into  enormous  masses  of  gold-bearing  con- 
glomerates, the  pebbles  of  which  are  chiefly  derived  from  diorites  and  other 
^crystalline  rocks.  He  regards  them  as  being  largely  of  glacial  origin,  and 
estimates  their  total  thickness  at  5,000  feet.  The  gold  occurs  in  the  form 
of  flakes,  generally  of  small  dimensions:  nuggets  weighing  from  \  ounce  to 
1  ounce  Troy  are  of  rare  occurrence.  The  natives  have  worked  out 
thoroughly  all  the  deposits  above  water-level  along  the  river-valleys,  and 
even  by  the  most  approved  modem  methods  there  is  no  hope  of  making  a 
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profit  out  of  the  tailingps  that  they  have  left.  Below  the  river-leTel,  rich 
deposits  remain  to  be  worked,  and  workings  have  been  started  of  late  yean 
in  the  Safet-Duria  valley,  for  instance,  where  the  gold  disseminated  in 
the  conglomerates  is  found  concentrated  in  pay-gravels  some  55  feet  thick, 
which  are  richest  near  the  bed-rock.  The  flat  form,  characteristic  in  £Iastem 
Bukhara,  of  the  goLd-flakcs  has  favoured  their  transportation  for  considerable 
distances  along  the  watercourses.  The  mass  to  be  worked  through  is  so 
enormous,  that  modem  plant  (such  as  excavators  and  dredges)  must  be 
used  to  ensure  a  profit.  Moreover,  native  labourers,  although  working  at 
a  low  wage  now,  will  prove,  as  experience  in  Turkestan  has  shown,  much 
more  exacting  so  soon  as  they  perceive  that  there  is  a  demand  for  them. 
They  cannot  be  depended  on  to  stay  at  the  mines  when  the  season  for  sowing 
or  the  season  of  harvest  arrives,  but  desert  the  mines  en  masfe  whatever 
offers  may  be  made  to  them.  There  are  no  roads  fit  for  wheel-traffic  in 
Eastern  Bukhara,  and  machinery  will  have  to  be  brought  in,  piece  by  piece, 
on  camel-back. 

Passing  up  from  Tabi  Dara  to  the  mountain-range  named  after  Peter 
the  Great,  the  barren  grits,  etc.,  of  the  Lower  Eocene  are  seen  to  succeed 
the  gold-bearing  conglomerates.  Reddish  marls  begin  to  alternate  with 
the  grits,  contortions  and  reversed  folds  make  their  appearance  in  the  strata, 
and  indicate  that  one  is  approaching  the  Cretaceous  ma^if  which  closes  in 
the  old  Tertiary  basin.  Here  again  red  and  green  marls  alternate  with 
beds  of  gypsum  and  rock-salt.  The  latter  mineral  is  worked  at  Sagri  Bach. 
The  great  Ala'i  range,  with  its  high  peaks  and  glaciers,  is  made  up  of 
crystalline  rocks  (gneisses,  granites,  mica-schists),  and  crossing  this  with 
some  difficulty,  as  the  ordinary  passes  were  blocked  by  the  breakdown  of 
bridges,  the  author  reached  ugain  the  Cretat'eous  formatit)nrt  in  tiic  Sir- 
Daria  basiu.  Bed  limestones  overlie  black  Hhalos  with  outcrops  of  lignite. 
At  Usht-Kurgau,  a  coal-seam  in  the  Crotacfous  marls  is  worked :  inolunive 
of  partings  it  is  05  feet  thick.  The  coal-contains  45  per  cent,  of  volatile 
substances.  Near  Khokand  and  Namangan  in  Ferganah,  and  also  near  Merv. 
borings  have  been  put  down  for  petroleum,  and  occurrences  of  ozokerite 
are  recorded  from  several  localities  in  Bukhara  and  Turkestan.  Tlie 
natives  have  obtained  petroleum  by  digging  comparatively  shallow  wclU. 
and  always  in  the  neighbourhood  of  the  great  mountain-ranges  against  whiih 
the  (.'retaccuus  and   Tertiary  sediment arios  abut. 

Numerous  outcro])s  of  bron'ii  coal  jiiid  souiv  few  of  copjKT  and  K.ul- 
ores  are  indicated  on  the  author's  map.  The  naphtha  and  07.okerite-<le posits 
are  of  (VetaeeouH  ag^e ;  the  brown  coal  Ih  in  some  cases  C'rotaoetuis.  in 
others   Tertiary;    and    tlie   gold-bearing  cimpliunerates   are    Upper    K*M'one. 

L.  L.  B. 

THE  MINKHAL  KES()T'U( 'KS  OF  THE   NOKTH-EASTEKN   ALTAI. 
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This  elaborate   niemoir  is  in    Hussian.  and   therefore   is   a  sealed   book   to 

a    large    number  of   ])OHsibIe   readers.     It   is   accompanied    by   a    summarv   in 

French,  whence  the  tollowiuij  ciunpuratively  meii^re  detail**  may  Ih»  gleauoii. 
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The  region  covered  by  the  sheets  of  Borissovo  and  Berezovka  of  the 
Imperial  survey-map  is  the  north-eastern  portion  of  the  province  of  the 
Altai.  It  is  cut  in  two  by  the  rivei> valley  of  the  Tomi;  the  south-western 
half,  a  level  steppe,  is  chiefly  made  up  of  clays  and  grits  correlated  with 
the  coal-bearing  strata  of  the  Kuznetsk  basin,  while  the  north-eastern  half 
is  formed  by  the  mountain-slopes  of  the  Alatdu.  These  slopes  are  largely 
made  up  of  Devonian  rocks  resting  against  the  granites,  syenites,  gneisdes 
and  schists  of  the  main  Alatdu  range.  The  Carboniferous  strata  of  the- 
south-westem  steppe  rest  conformably  upon  these  Devonian  rocks.  The 
Lower  Carboniferous  is  represented  by  limestones  containing  a  fauna  compar- 
able with  the  Tournaysien  and  (in  part)  the  Youlsorticn  of  Belgium.  It  is 
succeeded  by  grits,  conglomerates  and  shales,  with  the  last-named  of  which 
coal-seams  are  interbedded  and  also  bands  and  concretions  of  sphserosiderite. 
Prof.  Zeiller  considers  that  the  plant-remains  found  in  this  series  are  analo- 
gous to  those  characteristic  of  the  Stephanien  of  Western  Europe.  The 
Kuznetsk  group  of  Coal-measures  is  immediately  overlain  by  post-Tertiary 
deposits:  loams,  sand,  loess  and  alluvium. 

The  region  appears  to  have  been  one  of  extreme  vulcanicity  in  Devonian 
times,  but  there  was  no  volcanic  activity  during  the  deposition  of  the  base- 
ment Carboniferous.  In  the  Coal-measure  period,  however,  eruptions  began 
again,  and  molten  molaphyres  invaded  the  coal-l)earing  grits.  The  coal- 
deposits  have  not  been  worked,  so  far.  In  the  basin  of  the  Inia  river, 
many  scores  of  coal-outcrops  may  be  counted;  the  mineral  is  of  excellent 
quality,  the  seams  are  in  many  cases  from  6  to  16  feet  thick,  and  their 
dip  is  variable,  from  nil  to  60  degrees. 

Besides  the  sphserosiderite  already  mentioned,  deposits  of  brown  hssmatite 
have  been  found,  also  grindstones  and  honestones,  white  porcelain-clays,  etc. 
Practically  all  the  most  productive  gold-placers  have  been  worked  out. 
The  precious  metal  occurs  in  the  alluvium  of  a  great  number  of  the 
streams  which  come  down  from  the  Alatau  mountains.  However,  as  the 
actual  primary  matrix  of  the  gold,  the  original  quartz-reefs  (?)  remain  un- 
discovered, the  gold-mining  industry  in  this  area  is  in  a  moribund  con- 
dition. L.  L.  B. 


COPPER-BEARING   VEINS    IN    TRANSBAIKALIA,    SIBERIA. 

Dit  zeotithiiche  Kup/nrtrz/ontia^ion  in  Traiisbaikalieu.      By  R.  Beck.     Zeitachrift 
/iir  praktufche  Qeotoyity  1901,  vol,  ix.^pwje  391. 

German  prospectors  have  found,  in  the  Chida  river-basin  in  Trnnsbaikalin, 
what  appears  to  be  an  industrially-important  cupriferous  deponit.  Amyg- 
daloidal  melaphyres,  with  opaline  amygdules,  are  traversed  by  veins  con- 
taining native  copper  in  masses  weighing  as  much  as  2^  pounds,  and  native 
silver.  This  is  correlated  with  the  occurrence  of  native  copper  sprinkled 
among  zeolites  and  calcite,  recorded  two  years  ago  from  Transbaikalia. 

Concessions  have  been  obtained  by  the  same  syndicate,  for  working 
argentiferous  lead-ores  among  the  crystalline  schists,  and  these  have  a 
ferruginous  gossan  highly  charged  with  gold;  also  for  working  graphite- 
deposits  and  extensive  coal-fields  in  the  district  of  Naryn.  Detailed  com- 
munications regarding  all  these   occurrences   are   foreshadowed. 

L.  L.  B. 


106  NOTES  OF  PAPERS  IN  COLONIAL  AND  FOREIGN 

THE  AURIFEROUS   REGION    OF   SIBERIA. 
ExpiomtiouM  g^ologiqiits  datm  I  en  Rtgioiin  Aurifiren  (It   la  SiMrie.      [Official.] 
Comity  (j^ofogiquty  St.  Peternfmry,  1000-1901,  324  jKigtA,  and  7  mop^. 

The  elaborate  monographs  here  summarized  deal  with  the  Lena,  Yenisei, 
and  Amur  river-basins;  and  doubtless  the  Russian  Government  purpocie»  to 
publish  further  reports  on  the  same  scale,  dealing  with  the  other  gold-bearing 
districts  of  Siberia:  as,  however,  the  monog^raphs  are  not  numbered  con- 
flecutively,  it  is  difficult  to  say  where  the  scries  begins  or  where  it  will  end. 
Of  its  scientific  and  industrial  value  there  can  be  no  question. 

Mr.  A.  P.  Gerasimov  describes  the  results  of  detailed  investigations  made 
by  him  in  the  course  of  1900  in  the  Yacha  and  Eadali  river-basina  in  the 
mining  district  of  the  Lena.  The  region  is  a  mountainous  one,  and  is  largely 
made  up  of  pre-Cainbrian  and  Cambrian  mctamorphic  rocks  covered  by 
an  immense  thickness  (280  feet)  cf  river-gravels  and  Glacial  Drift.  At  the 
base  of  these  alluvial  and  Glacial  deposits,  immediately  overlying  the  ancient 
rocks,  is  an  auriferous  stratum,  varying  in  thickness  from  2^  to  5  feet,  and 
containing  from  4  to  67  parts  of  gold  per  million.  Thus,  the  rich  placers 
lie  at  considerable  depths  below  the  surface,  and  are  of  pre-Glacial  age; 
but  there  arc  also  shallow  and  comparatively  poor  post-Glacial  placers. 
The  Olckma  schists  are  traversed  by  numerous  quartz-veins,  which,  on  the 
whole,  are  extremely  poor  in  gold,  not  to  say  quite  barren  of  it.  Con- 
sequently, they  cannot  be  regarded  as  the  original  matrix  of  the  g^ld  now 
found  in  the  placers.  On  the  other  hand,  the  author  observes  that  these 
same  schists  are  very  rich  in  pyrites,  and  a  specimen  of  pyrites  from  the 
Konstantinovsky  placer  was  found  to  contain  as  much  as  1,582  parts  of  gold 
per  million.  ^Vhence  perhaps  it  is  permissible  to  infer  that  the  placer-gold 
was  really  derived  from   the  pyritiferous  nchists. 

Mr.  L.  Yathcvrtki  deals  with  the  Teya  and  Ena.shiiiio  river-ba&ins.  in  the 
Northern  Yenisei  region.  Here  the  most  ancient  rocks  are  gneirtses  and 
mica-schists,  overlain  by  three  successive  series  of  sedinieutary  origin,  with 
unconformities  between  each  of  them.  Gold  occurs  in  quartz- veiuK  in  the 
lowermost  of  the  three;  it  is  found  dispersed  through  the  shales  of  thi* 
middle  series;  and  it  (Kcurs  in  the  red  basenient-jfritH  and  conglomeratt- 
of  the  uppermost  series.  Moreover,  auriferous  breccias  have  bci'U  observed  in 
the  neighbourhood  oi  faults,  liut  in  the  area  here  described  the  atten- 
tion of  gold-miners  has  >»een  concentrated  chiefly  on  the  auriferous  ulluxi.i 
which  are,  of  course,  of  ininiensely  more  recent  date  than  any  of  the  roik» 
just  mentioned.  These  alluvial  deposits  have  also  yielded  diamond:*  aiong 
the   Meluichnaya   and  Toehiluy  creeks. 

Mr.  N.  Izhitski  has  examined  the  IVnchenga,  Ishimba  and  <iorbil.<*k 
river-l>a>ins.  in  the  Southern  Yenisei  rejjiini,  and  tinds  that  (geologiiMlly 
speakinj^)  the  (li^triet  is  of  very  uniform  character.  It  comprisi-*  thri-^ 
great  groups  of  rorks : —  d)  The  massive  crystallines,  (2)  the  metumorphie 
schists,  and  (.i)  the  sliales,  grits  and  limchtone^.  ail  folded  in  a  genera! 
north-westerly  direction.  Troductivc  gold-placers  arc  numerous,  but  mining- 
industry  is  at  a  low  ebb,  <iwing  to  the  scanity  of  men  who  combine  t»ouud 
knowledge   with   a  spirit   of  energy  and  enterprise. 

Mr.  A.  Meister  deals  with  the  I'dcrei  and  rdor«»nga  river-lmsiu!*.  aUo 
in  the  Snutlu'rn  Yenin^'i  region.  Here  too  are  massive  crystalline.  n;tta- 
morphic  and  sedimentary  rocks  all  folded  in  a  north-westerly  direction. 
Two  systems  of  <|uart /.-veins,  crossing  each  other  at  right  angles,  occur, 
and  som(>  ot    them    are   auriferous.       The   author  divides   the   placer^  of   the 
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district  into  three  groups:— (1)  Recent  alluvial,  in  the  river-beda — by  far  the 
most  numerous ;  (2)  ancient  terrace-placers ;  and  (3;  deep  lying  terrace-placers, 
as  much  as  80  feet  down.  Some  of  the  shales  in  the  sedimentary  rock-group 
are  gold-bearing. 

In  another  memoir,  the  same  author  describes  his  researches  in  the 
river-basins  of  the  Great  and  Little  Murozhnaya,  the  Chernaya,  and  the 
Rybnaya.  These  have  led  him  to  the  conclusion  that  the  placer-gold 
there  is  derived  in  part  from  quartss-veins,  in  part  from  shales  and  lime- 
stones. The  intrusive  rocks  (diabases  and  diorites)  have  played  a  purely 
passive  part  in  the  enrichment  of  the  rocks.  On  the  other  hand,  this 
enrichment  is  genetically  associated  with  the  phenomena  of  faulting  and 
dislocation. 

Messrs.  P.  K.  Yavorovsky  and  M.  M.  Ivanov  studied  the  Zeya  river- 
basin  in  the  Amur  region,  with  the  following  results: — They  found  a  granite- 
massif  overlain  by  Archasan  g^neisses  (the  predominant  rocks  of  the  area), 
Jurassic  sedimentaries,  and  post-Pliocene  and  recent  fluviatile  deposits. 
The  area  has  been  intensely  folded,  and  the  richness  in  gold  of  the  placers 
is  intimately  connected  with  the  configuration  of  the  folds.  Thus  the 
placers  near  the  Ilikan  anticline  are  much  richer  than  those  which  lie 
within  the  radius  of  the  Brianta  anticline,  where  the  gold-particles  have 
undergone  deformation  and  pulverization.  The  precious  metal  occurs  in 
nearly  all  the  rocks  of  the  g^neissose  group,  but  is  absent  in  the  Archaean 
granite  and  in  the  diabases  and  porphyrites  which  border  the  Jurassic  basin. 
The  quartz-veins  are  usually  very  poor  in  gold,  but  are  productive  at  the  few 
points  where  they  intersect  the  post-Jurassic  pegmatites  and  the  hom- 
blendites.  It  is  noticeable  that  those  alluvial  deposits  which  strike  east 
-and  west,  parallel  with  the  auriferous  bed-rocks,  arc  richer  than  those 
which  strike  north  and  south  across  those  rocks.  The  placer-industry 
promises  well,  but  the  prospects  of  gold-mining  in  the  solid  rocks  are  not 
hopeful.  L.  L.  B. 


MAGNETITE-DEPOSITS  IN  WESTERN  SIBERIA. 

Die  MagnettMeiierdagerHt&tttn  der  Hiltte  *^  Xikolajewnki  Zawwl"  im  Umu\  Irkuck 
( Westifibirien).  By  Th.  von  Gorecki.  Ztitschrift  fiir  praktischt  Oeologie, 
1903,  vol,  xi.f  pag&i  148-155,  with  6  figures  in  the  text. 
The  Nikolayevski  ironworks,  at  a  standstill  for  the  last  four  years  or 
thereabouts,  belonged  to  a  limited  company  within  whose  domain  (266 
square  miles)  lay  magnificent  timber-forests,  as  well  as  the  magnetite- 
deposits  about  to  be  described.  This  "  little  principality,''  as  the  author 
terms  it,  is  situated  in  the  Nizhnye-Udinsk  district  of  the  Government  of 
Irkutsk.  Water-communication  with  the  city  of  Irkutsk  (420  miles  distant 
by  river)  is  secured  by  means  of  the  Dolonovka,  a  sub-tributary  of  the 
Angara.  The  nearest  rnil way-station  (Tulun)  is  some  132  miles  away. 
In  1899,  no  less  than  1,700  persons  were  employed  on  the  estate,  and  without 
reckoning  steel-rails,  the  weight  of  material  sold  was  4,545  tons.  Three 
blast-furnaces  were  at  work,  on  ores  chiefly  obtained  from  the  Yermakovski 
mine.  The  other  three  mines  belonging  to  the  company  were  known  as  the 
Dolonovski,  Keshemski  and  Krasnoyarski  mines  respectively. 

The  Dolonovski  was  the  first  iron-ore  deposit  to  be  discovered  in  that 
region.  Here  quartzitic  Devonian  sandstones  have  been  highly  altered  by 
contact-metamorphism.     Indeed,   they  are   described  as   presenting  a  slaggy 
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appearance,  due  to  the  eruption  of  a  rock  belonging  to  the  group  of  the 
oli vine-diabases  and  known  as  "  Siberian  trap."  This  "  trap  "  occurs  in 
more  or  less  extensive  sheets  over  a  considerable  area,  from  the  Oka  river- 
basin  to  that  of  the  Ean.  With  this  trap  is  associated  on  the  Dolonovtki 
hill  a  porphyrite  containing  innumerable  glass-inclusions,  and  finally  tuffs 
and  breccias,  amid  which  is  magnetite  occurring  in  bands  10  inches  or  so 
thick,  ulternating  with  bands  of  calcite  and  quartz.  The  total  thickness 
of  the  ore-deposit  does  not  probably  exceed  10  feet,  but  sometimes  the 
entire  thickness  consists  of  mag^netite  without  any  bands  of  calcite  or 
quartz.  Opencast  workings  were  carried  down  to  a  maximum  depth  uf 
65  feet,  and  the  deposit  was  seen  to  continue  deeper  still.  It  may  be 
regarded  as  consistiug  of  two  great  reefs,  which  apparently  cut  each  other  at 
a  rather  wide  angle.  The  author  is  inclined  to  recommend  further  explora- 
tion-work, and  points  out  that  the  average  analysis  of  the  ore  shows  58*3 
per  cent,  of  metallic  iron.  It  contains  0*44  per  cent,  of  phosphorus,  and 
3*3  per  cent,  of  silica. 

The  rocks  in  the  neighbourhood  of,  and  forming,  the  Yermakovski  hill 
(1,770  feet  above  sea-level)  are  of  much  the  same  character  as  those  just 
described.  The  ore-deposits  here  attain  a  maximum  thickness  of  26  feet 
or  so,  and  four  distinct  reefs  are  traced,  three  of  which  cross  the  main  one 
at  various  angles.  Analyses  show  the  ore  to  yield  65*23  per  cent,  of 
metallic  iron.  Phosphorus  is  apparently  absent,  and  the  percentage  of 
silica  is  203. 

In  both  mines,  the  magnetite  is  intimately  associated  with  Yolcanic 
tuifs  and  secondary  breccias — and  the  author  traces  a  more  immediate 
connection  between  the  ore-deposit  and  these  clastic  rocks  than  between 
it  and  the  outpouriiigH  of  Siberian  trap  and  the  associated  augite-porphyritc. 

Some  30  miles  farther  north  is  the  Krasuoyarski  deposit,  of  comparati^-elr 
recent  discovery.  Here  again  the  ores  are  banded,  with  intercalated  calcites, 
and  the  maximum  thiekuess  of  the  ore-body  revealed  by  the  opennii't 
workings  exceeds  13  feet.  The  "vein"  strikes  115  degrees  north-went,  and 
pitches  south-westward  75  degrees.  The  country-rock  is  a  breccia  i«t 
vitreous  fragments  cemented  together  by  calcHpar,  magnetite,  chlorite  and 
zeolites.  The  avcraj?"  chemical  analyhis  ot  the  ore  shows  '>.>i>l>  per  cen:. 
of  metallic  iron,  oO!)  jwr  cent,  of  silica,  but  no  phosphorus  or  lime. 

Alxnit  2«)  miles  away  to  the  north-oast  of  the  KraHUoyarnki  mine  lit> 
that  of  Keshemski  Hudnik,  considered  of  sufficient  importance  to  have 
warranted  the  laying  out  in  its  neif^hboiirhood  of  the  ironworks  known  ;ii>  tin* 
New  Nikolayvski  Zavod.  (The  Old  Nikolayevski  Zavo<I  is  situated  ne.ir 
the  Dolonovski  mine.)  Here  <tnly  one  very  thin  band  tif  calcite  nuMir* 
in  the  ore-l»ody,  which  consists  of  a  maximum  thickness  of  ir>  feet  «»! 
nearly  pure  majjnetitc.  The  country-rock  is  apain  a  hreecia  of  volcanic 
fraqfinetits  cemented  larjjely  l»y  magnetite,  which  yields  place  to  calcite 
and  chlorite  as  tin*  distance  from  the  ore-body  incn'ases.  On  analysis  the  on 
yields  »)l-72  per  cent,  of  metallic  iron.  :j<)7  per  c«'nt.  <»f  silica,  but  neiiliir 
phosphorus  nor  lime. 

The  j»-enesis  of  thoc  rich  ore-deposits  is  discussed  in  detail,  and  the 
author  ranjjes  them  amonj»'  the  epijjenetic  variety,  that  is.  ores  which  m.iy 
be  regarded  as  intillings  of  fissures  and  cavities.  lie  compares  them  wirh 
the  deposits  of  Traversella  in  Piedmont  and  Calamita  in  KIbn.  and  ctmsidcrs 
that  tn«'y  were  precipitated  from  thermal  waters,  which  represented  the 
moribund  r^tajjc  of  vulcanicity  in  this  area.     The  veins  mav  \h>  trulv  tcrm<"l 
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'"infiltration-veins/*    and    fine    pseudomorphs    of    magnetite    after    hsematite 
have  been  observed  in  the  Keshemaki  mine,  for  instance. 

It  may  be  predicted  that  the  completion  of  the  great  Siberian  railway 
will  probably  give  riae  to  renewed  mining  activity  in  this  now  loss-remote 
region  of  Western  Siberia.  L.  L.  B. 


PHOSPHATIC,    ASPHALTIC,    AND     PETROLEUM-DEPOSITS    IN 
PALESTINE   AND  EGYPT. 

r}ftr  das  Vorl'omm4'.n  iron  Phoiphat^ji,  A  tphaltkfUl'f  Aj^phalt  und  Petrol  turn  in 
PcUoMtiiia  uwi  Ayypttn.  By  Dr.  M.  Blanckenhorn.  ZdtMchrift  fur 
praktincht  (reologie,  1903,  iy)/.  xL^  jfMges  294-298,  unth  \  figure  in  the  tt.xt. 

Within  recent  years,  the  Campanian  or  Middle  Senonian  (Cretaceous) 
limestones  of  Palestine  have  been  found  to  contain  rich  deposits  of  phosphate, 
besides  the  bitumen  which  occurs  in  some  of  the  limestone  in  payable 
quantity.  It  may  be  noted,  by  the  way,  that  the  phosphate-deposits  of 
Algeria  and  Tunisia  are  found  at  a  higher  horizon,  in  Lower  Eocene  or 
buessonian  beds,  which  are  barren  in  Palestine. 

Phosphates  of  the  same  age  as  those  discovered  by  the  author  in 
Palestine  in  1894  were  found  in  1897-1899  by  the  officers  of  the  Egyptian 
"Geological  Survey  at  several  remotely-situated  localities  in  Egypt,  but  he 
considers  those  of  Palestine  as  in  part  of  better  quality  and  much  more 
favourably  placed  from  the  industrial  point  of  view. 

He  mentions  an  exposure  on  the  high  plateau  of  the  Eastern  Jordan  region, 
about  3,000  feet  above  sea-level,  yielding  a  phosphate  of  the  following 
composition :  phosphorus  pentoxide,  36  per  cent. ;  lime,  53  per  cent. ;  alumina 
and  iron  sesquioxide,  1*12  per  cent.;  calcium  fluoride,  9*8  per  cent.;  calcium 
sulphate.  1-86  per  cent.;  and  insoluble  residue,  0*46  per  cent.  At  a 
locality  known  to  the  author  in  Judaea,  within  a  thickness  of  23  feet 
there  are  three  bands  of  phosphate,  respectively  20  inches,  40  inches  and 
45  inches  thick,  yielding  a  mioeral  which  contains  from  45  to  50  per  cent, 
of  tribasic  phosphate  of  lime,  43  per  cent,  of  carbonate  of  lime,  about  2*5 
per  cent,  of  alumina  and  iron  oxides,  and  3  per  cent,  of  silica.  The  cost  of 
working  the  Palestinian  phosphates  would  be  very  pmall,  for  reasons  which 
are  indicated. 

The  deposits  described  by  the  Egryptian  Survey  occur  in  Sinai,  in  the 
Arabian  Desert  (about  7  miles  from  the  Bed  Sea),  west  of  the  Duwi  range 
(31  miles  north-west  of  Qosseir),  also  north-eaHt  of  Qeneh,  6  miles  from 
Qift  or  Quft  railway-station,  and  lastly  in  the  Dahla  oasis  of  the  Libyan 
Desert.  The  bituminous  or  asphaltic  limestones  associated  with  the  cal- 
careous phosphates  of  Palestine  occur  in  "  inexhaustible  quantity "  along  a 
belt  parallel  to  the  Dead  Sea  and  the  Jordan  valley.  At  Nebi  Musa,  the 
percentage  of  bitumen  in  the  rock  attains  a  maximum  of  25.  The  author 
believes  that  the  mineral  will  be  found  very  suitable  for  street-paving 
purposes,  and  experiments  to  that  end  are  shortly  to  be  made  in  Berlin. 

The  asphalt  of  the  Dead  Sea  region  fetches  high  prices  on  the  world's 
markets,  and  yet  no  systematic  working  of  it  on  a  large  scale  has  yet  been 
attempted. 

Of  greater  importance  even  than  the  deposits  already  mentioned  for  the 
future  of  Palestine  would  be  the  development  of  the  petroleum-industry. 
Theoretically,  it  seems  to  the  author  more  than  probable  that  borings 
put  down  on  the  eastern  and  western  shores  of  the  Dead  Sea  would  strike 
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oil:  the  stratigraphical,  mineralogical,  chemical  and  climatic  conditio 
of  the  re^on  all  point  to  successful  prospecting  for  petroleum.  Oil  ooieft 
out  at  the  surface  of  the  ground  at  several  points,  and  the  author  deacribes 
one  spring,  the  locality  of  which  is  at  present  only  known  to  himself  and  a 
/ew  of  his  fellow-countrymen. 

The  petroleum  of  Gebel  Set  on  the  Gulf  of  Suez  appears  to  be  of  much 
later  age  than,  and  of  an  entirely  different  origin  from,  that  of  the  petroleum 
of  the  Dead  Sea  area.  Nor  docs  it  appear  that  borings  in  the  neighbour- 
hood of  Gcbel  Set  arc  ever  likely  to  yield  oil  in  payable  quantity. 

The  paper  generally  is  intended  to  call  the  attention  of  German  capitalists 
to  Palestine,  more  especially  than  to  Egypt,  as  a  field  of  future  mining 
enterprise.  L.  L.  B. 

THE   COAL-FIELD   OF   HEEAKLEA,   ASLA    MINOR. 

Dtm  SteinkoMenbecken  von  Heraklea  in  Klehuuntn.  By  Bruno  SiMMnstSBACB. 
ZtilHchrift  fUr  praktische  (wtofwjie,  1903,  tx)l,  x/.,  paytJi  169-192,  urith  12 
fitjures  in  the  t4^t. 

This  coal-field  is  situated  in  the  north-western  portion  oi  Asia  Minor,  very 
near  to  the  coast  of  the  Black  Sea,  from  which  in  places  it  is  barely  more 
than  \  mile  distant.  The  seams  are  numerous,  often  very  thick,  and  fumith 
a  coal  which  is  variously  compared  by  experts  to  Cardiff  and  to  Newcastle 
coal.  The  coal-bearing  belt,  some  3|  miles  wide,  extends  for  93  miles 
from  south-west  to  north-east,  but  the  total  annual  output  so  far  only 
averages  160,000  tons,  whence  it  may  be  inferred  that  an  enormous  area  is 
■till   practically  untouched 

The  author  follows  Mr.  G.  Ralli  in  subdividing  the  Heraklean  coal- 
formation  iuto  three  stages:— (1)  The  lower,  or  that  of  Alaja-Agzi;  (2>  the 
middle,  or  that  of  Koslu;  and  (3)  the  uppi»r,  or  that  of  Karadon.  The 
lithological  fa(>ies  resembles  that  of  most  European  coal-fields,  the  strata 
coiirtiriting  mainly  of  various  saudstonris,  generally  light-coloured,  and  fos:*iii- 
ferous  car}>onaceouH  shales.  It  is  already  demonstrable  that  a  large 
number  of  rxfollont  coal-seams  continue  the  whole  length  of  the  belt,  from 
Heraklea  to  Amanru.  In  the  KohIu  group,  for  instance,  are  six  important 
seams,  the  thinnest  of  whirh  is  6  feet  thick,  while  the  others  range  from 
10  to  13  feet.  Almost  everywhere  the  seams  Htrike  north-east  and  south- 
west, with  a  moderate  dip,  varying  between  10  and  12  degrees,  although 
oorasionally  this  steept^ns  to  the  vertical. 

It  has  been  found  that,  on  long  sea-voyaj^es,  the  Heraklean  i-oal.  uhi.h 
is  very  light  and  burns  with  a  long  flame,  deteriorates  in  quality;  but 
the  rosultH  of  the  experiments  made  with  it  by  various  foreign  fleets  le*- 
p<'rially  tho  French)  have  not  given  rise  to  any  complaint.  It  would  al^» 
appear  that  the  coal  improves  in  quality  the  farther  inland  that  it  i-^ 
worked;  and  that  portion  of  the  field  which  lies  farther  south,  away  ironi 
the  Ulack  Sea,   has  not  yet   been  worked. 

A  scries  of  ten  oheiiiical  analyses  sh(»ws  the  i)ercentage  of  car)>nn  to  vary 
from  ."il  to  CA,  that  of  volatile  matter  from  270  to  45.  and  that  of  ash  fmn. 
4  to  11-4.  Hut  ail  these  samples  were  taken  from  the  actual  outcrops,  and 
do  not  iairly  represent  the  quality  of  the  perfectly-fresh  mineral  got  frnm 
below   the   surface. 

Kntering  then  into  greater  detail,  the  authitr  describes  the  Alaj.i-Air/i 
or   loweruioMt   group,    called   after  the   locality  of  that   name,   where   at   lea#t 
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nine  seams  of  a  total  thickness  of  37^  feet  have  been  proved.  The  thickness 
of  strata  intervening  between  the  top  seam  and  the  bottom  one  is  estimated  at 
about  650  feet.  The  bottom  seam  thins  out  close  to  the  seashore.  How 
much  deeper  down  coal  may  yet  be  struck  is  not  yet  known,  but  for  various 
reasons  the  presence  of  lower  seams  yet  at  Alaja  Agzi  is  shown  to  be  probable. 
The  seams  here  strike  generally  east  and  west,  with  a  southerly  dip  of  15 
to  30  degrees.  Farther  east,  at  Kirechlik,  four  seams  have  been  proved 
exceeding  3^  feet  in  thickness  respectively,  and  other  thinner  seams  are  known. 
They  dip  as  much  as  80  degrees  southward,  and  strike  north — 70  degrees — 
east,  that  is  nearly  across  the  general  strike  of  the  Alaja-Agzi  district.  They 
are  not  found  at  that  locality  itself,  nor  at  Tcflcnti :  they  lie,  in  fact,  much 
deeper  than  the  known  seams  of  those  areas,  which  again  recur  in  the 
little  valley  of  Kirenlik.  Seven  analyses  of  coal  from  the  lower  g^^oup  are 
tabulated:  the  percentage  of  ash  varies  from  2  to  9*75;  that  of  hygroscopic 
water  from  1*5  to  2-75;  that  of  volatile  substances  from  35*4  to  42-8;  and 
t^at  of  coke  produced,  from  57*2  to  64*6.  In  three  samples,  the  coke  was 
porous  and  tumescent;  in  five  samples  the  ash  was  brown  and  in  one 
yellowish-brown.  At  this  stage,  one  disadvantage  of  the  Heraklcan  coal 
is  mentioned — its  proneiiess  to  evolve  great  clouds  of  black  smoke  when  used 
for  boiler-firing,  etc.  No  experiments  have  been  made  with  it  in  regard  to 
the  production  of  gas  for  illuminating  purposes,  but  the  author  thinks  it 
especially  suitable  for  such  purposes.  The  mineral  is  usually  somewhat 
bard,  and  yields  a  brown  streak.  The  higher  lying  seams  of  the  Alaja- 
Ag^  group  contain  a  smaller  percentage  of  volatile  substances  than  the 
lower  lying  ones,  in  contradistinction  to  the  usual  experience  in  coal-fields. 
Evidence  is  adduced  to  show  that  the  geological  age  of  the  group  is  that 
of  the  Upper  Kulm. 

Coming  now  to  the  middle  group,  we  learn  that  exploration-work  has 
been  pushed  forward  at  Koslu  and  in  the  neighbouring  valleys  more  than 
anywhere  else  in  the  coal-field,  and  an  enormous  number  of  scams  have  been 
proved.  The  boundaries  of  this  portion  of  the  coal-field,  so  far  as  at 
present  known,  are  formed  by  two  great  faults,  a  northern  fault  and  a 
southern :  the  coal-outcrop  has  been  traced  for  a  distance  of  12^  miles  along 
one  of  these.  On  the  western  slopes  of  the  Uzulmez  range,  in  the  neighbour- 
hood of  the  State  Railway,  coal-seams  have  been  worked  since  1854  without 
showing  signs  of  exhaustion.  The  Mulazim  scam,  6^  feet  thick,  of  pure 
coal,  is  one  of  those  that  are  as  yet  practically  untouched.  The  author 
tabulates,  after  Prof.  Ralli,  54  analyses  of  coal  from  the  Koslu  group. 
These  show  percentages  of  ash  varying  from  2*5  to  13*25;  hygroscopic  water 
from  0*75  to  2*5;  volatile  substances  from  28*5  to  39*8;  coke  produced,  from 
59*7  to  71*5.  On  the  whole,  the  mineral  may  be  regarded  as  an  exceptionally 
superior  quality  of  gas-coal.  The  author  himself  adds  numerous  other 
analyses,  the  results  of  which  are  sensibly  identical  with  the  foregoing. 
The  palaeontological  evidence  has  shown  that  the  Koslu  group  occupies  an 
intermediate  position  between  the  lower  and  middle  stages  of  the  Weet- 
phalian   Coal-measures. 

The  Karadon  or  Upper  group  may  be  regarded  as  divided  from  the  middle 
group  by  a  mass  of  conglomerate  some  330  feet  thick,  the  dip  of  which  gradu- 
ally increases  in  steepness  until  it  reaches  the  vertical  at  the  great  southern 
fault.  On  the  further  side  of  that  appear  the  first  coal-seams  of  the  Karadon 
group,  and  their  fossils  show  them  to  belong  to  the  lowermost  portion  of  the 
true  Upper  Coal-measures.       Four  main  seams   in   this  group   are   known. 
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pretty  close  together,  and  yarying  each  in  thickness  from  3  to  5  feet  or  so. 
The  author  tabulates  16  analyses,  wherein  the  percentage  of  aah  varies 
from  2-5  to  12*25;  that  of  hygroscopic  water  from  1  to  6*5  (exceptional); 
that  of  volatile  substances  from  29  to  52*6;  and  that  of  coke  from  47*4  to 
71.      The  ash  has  a  generally  characteristic  pale-grey  colour. 

The  Amasra  district  forma  the  easternmost  extremity  of  the  Heraklea 
coal-field,  so  far  as  at  present  known.  Here  at  least  five  coal-deams  have 
been  proved,  varying  respectively  in  thickness  from  3  to  8  feet  or  so.  The 
average  percentage  of  three  analyses  is  as  follows: — Ash,  6*05;  hygro- 
scopic water,  6*1;    volatile  substances,  39*2;   coke  produced,  60*7. 

Among  the  obstacles  which  stand  in  the  way  of  the  full  development  of 
this  magnificent  coal-field,  arc  the  inherent  apathy  and  conservatigm  of  thf 
Turks,  and  the  unreliability  of  the  labouring  classes,  who  will  only  work 
uninterruptedly  for  a  fortnight  or  so  at  the  mines,  and  then  go  back  to  their 
native  villages,  careless  whether  others  are  ready  to  take  their  places  or 
not. 

The  paper  is  illustrated  by  a  map  and  detailed  vertical  sections  of  the 
coal-seams.  L.  L.  6. 


METALLIFEROUS    ORE-    AND    COAL-OCCURRENCES    IS    SOUTH- 
EASTERN    ASIA   MINOR. 
OeolofftMchf.  Sfudien  im  Si'uloMt.lichen  KltinoMen.    By  Dr.  Franz  Schaffkr.    Sitznivj*- 
l)erirhft:    fhr    MnfhematiHch-natnrwiHHtn^hnftl.ichen    CfcLttte    der    kaiMcrfkh*n 
Akade.mir.  der   WiMHeiiHchaften  [Vitnna]^  1900,  t*ol.  cic,,  aJfthii/ung  /.,  /la^/M 
498-525,  irifh  9.  mupt*  in  the  text. 

From  this  account  of  a  journey  of  natural-history  exploration  under- 
taken by  the  author  in  Cilicia  and  Cappadocia  in  the  spring  of  VM)it,  the 
following  references  to  ore-deposits,  etc.,  may  be  extracted.  (He  points  out 
in  the  first  place  that,  even  now,  the  rejjion  is  from  the  geological  ptunt  of 
view  but  little  known.) 

The  serpentine  which  underlies  the  Miocene  limestones  near  the  head- 
watern  of  the  Simtiiraz-(>hai  contains  chrome-iron-ore  at  Kairak-Keslik. 
Farther  north,  in  the  AIlah-Dagh  arc  veins  of  hwniatite. 

Journeying  from  Tarsus,  along  the  course  of  the  Chakyt-Chai,  up  towards 
the  Cilirian  (Jates  (7ri»Aat  KikiKirj^)*  older  Tertiary  limestones  are  met  with 
at  Koerli,  containing  iron-ores. 

At  Aiwabe-Han,  in  the  river-bed  of  the  Aiwabr.  occur  thin  Peair.s  of  :» 
deep  black  '*  brown  coal,"  with  a  pitchy  lustre.  This  occurrence,  however, 
is  not  considered  to  be  of  industrial  importance.  The  coal-bearing  n.ar".* 
are  traced  for  0  miles  or  more  as  far  as  liozanti.  and  at  Heleniedyk  mn 
the  middle  course  of  the  riiakyt-('hai)  they  contain  rather  thicker  seaiiss. 

The  prey  frcshwat(»r  niarls  on  the  plateau  lietwcen  Xemrun  and  /ihi! 
contain  thick  **can:s  of  "  brown  coal  ":  the  author  estimated  a  wnrk.i>»;o 
thickness  (»f  5  ftM-t.  The  coal  is  of  a  lustrous  black,  very  brittle.  ]amiuate<l. 
and  after  some  exposure  to  the  atmospheric  aj:rcn<i(>K  disintegrate*  int-  a 
<'ru!nhly  mass.  Although  the  lie  of  the  seams  is  much  disturbed.  tlui«  i* 
reason  to  l>elieve  that  th(»v  extend  over  a  considerable  ar«»a.  Th»  y  are 
probably  of  the  same  age  as  those  nf  the  Aiwabc  valley,  and  «me  may  con- 
clude that  there  is  a  continuous  belt  of  thise  older  Tertiary  land-  and  fresh- 
water-formations alontr  the  b.ise  (»f  the  m,»in  mountain-range  from  /.i'«i  •.]! 
to  the  Ak-l)agh.       Similar  coal-l>earing  U'arls  are  also  lonud  at   Kara-Si«. 

L.  L.  R. 
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THE    MINERAL   RESOURCES   OF   THE   PORTUGUESE   COLONIES. 
As  nossoft  HiquezoH  Coloniaeji.     By  Jos^  db  Macedo.       Boletin  da  Sociedade  de 
Geographia  de  LUhoa,  1901  [1900],  series  18,  pages  411-610. 

The  fourth  chapter  of  this  exhaustive  memoir  on  the  oversea  possessions 
of  Portugal  gives  in  some  22  pages  a  compilation  of  all  the  available  facts 
and  opinions  (more  or  less  speculative)  in  regard  to  their  mineral  wealth. 
Concerning  ourselves  with  the  facts  alone,  we  note  in  the  first  place  that 
trustworthy  scientific  information  as  to  these  Portuguese  colonies  is  some- 
what scanty.  The  Cape  Yerde  Islands,  for  instance,  "  are  said  to  contain  ** 
deposits  of  iron-  and  copper-ores,  silver-  and  gold-bearing  ores,  native 
sulphur,  etc.  Ferruginous  springs  are  abundant  there;  salt  has  been  ex- 
ported in  large  quantities  from  Boa  Yista  and  the  Uha  do  Sal,  but  the 
author  gives  no  clear  explanation  as  to  how  the  salt  is  got. 

In  Portuguese  Guinea  are  petroleum-springs,  as  yet,  untapped.  Gold 
is,  of  course,  the  best-known  mineral  product  of  that  region;  nothing 
positive  can  be  stated  as  to  other  metals  there.  In  San  Thomd  and  Principe 
there  are  deposits  of  mercury  and  manganese-ores,  rock-salt,  petroleum,  etc. 

Angola  has  long  been  known  as  possessing  considerable  mineral  resources, 
among  which  are  the  coal,  rock-salt,  haematite  and  copper-ores  of  Mossa- 
medes,  etc.,  the  magnetite  of  Gambos,  and  the  native  sulphur  of  Benguella. 
Petroleum  of  excellent  quality  occurs,  chiefly  in  the  Dondo  district. 

Turning  then  to  East  Africa,  the  author  is  unable  entirely  to  resist  the 
temptation  which  besets  most  of  those  who  have  lately  written  on  that 
part  of  the  world,  to  share  in  the  controversy  regarding  the  original  site 
of  the  land  of  Ophir.  He  appears  to  think  that  it  embraced  most  of  the 
country  northward  from  the  Cape  up,  and  including  Mozambique. 

Concerning  Mozambique,  it  is  pointed  out  that  in  1899  the  following 
mining  concessions  were  granted: — 6  for  working  coal,  and  10  for  working 
copper-  and  silver-ores,  gold-  and  diamond-reefs.  At  present  61  mining 
concessions  are  in  force  in  the  province.  That  part  of  Manicaland  which 
has  remained  Portuguese  territory  is  "  incomparably  richer  "  in  gold,  silver, 
copper,  iron,  etc.,  than  the  portion  which  now  belongs  to  the  British  Empire ; 
and  it  is  asserted  that  a  certain  gold-mine  in  Portuguese  Manicaland  obtains- 
yields  which  are  superior  to  anything  ever  got  in  the  Transvaal.  The 
districts  of  Louren9o  Marques  and  Cabo  Delgado  are  also  said  to  be  rich  in 
coal  and  other  minerals. 

The  little  Portuguese  possessions  in  India  contain  coal,  iron-  and  copper- 
ores,  but  not  in  sufficient  quantity  to  found  a  great  industry  upon  them. 
In  the  island  of  Timor,  five  petroleum-springs  are  known  on  the  southern 
coast,  in  close  proximity  one  to  the  other.  There  is  also  native  sulphur  of 
excellent  quality,  coal,  a  little  gold,  iron-,  copper-  and  silver-ores. 

L.  L.  B. 


THE  BORACIC  DEPOSITS  OF  THE  SALINAS  GRANDES,  ARGENTINA. 
OUements  de  Borate  des  "  Salinas   Orandes "   de  la   B^ublique   Argentine.     By 
H.  BuTTOENBACH.     Annolts  de  la  SociM6  g4ologique  de  Be/gique,  1901,  vol. 
xxviii.f  M&moires,  pages  99-116,  toith  4  figures  in  the  text. 
The  Salinas  Grandes   are   vast  salt-marshes,   situated  on  a  high   desert- 
plateau  in  the  region  where  the  frontiers  of  Argentina  march  with  those 
of  Chile  and  Bolivia.     They  are  bounded  on  the  east  and  on  the  west  by  lofty 
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snow-capped  mountain-ranges,  and  they  are  in  23  degrees  south  latitude 
and  68  degrees  west  longitude  of  the  meridian  of  Paris. 

In  the  centre  of  these  basin-like  marshes,  the  ground  is  perfectly  flat, 
and  is  covered  by  a  deposit  of  rock-salt  which  reaches  a  maximum  thickness  of 
13  inches  or  so.  The  water  which  floods  these  marshes  from  December  to 
March  runs  off  or  percolates  through  them  very  rapidly,  and  they  dry  up 
quickly,  thanks  to  the  generally  high  temperature  of  the  air  during  the 
•daytime,  thanks  also  to  the  action  of  the  winds  which  sweep  resistless  across 
the  plateau.  Vegetation  is  of  the  scantiest  description — mere  desert-scrub, 
and  sand-storms  are   frequent. 

The  upper  portion  of  the  rock-salt  bed  is  grey,  but  the  lower  portion 
is  white,  very  pure,  with  good  cleavage.  It  is  got  out  in  blocks,  the  sid(« 
of  which  measure  about  16  inches,  and  finds  a  ready  market  in  the 
neighbouring  provinces  of  Salta  and  Jujuy.  The  salt^bed  diminishes  in 
thickness  from  the  centre  of  the  basin  towards  the  periphery,  and  where  it 
■dies  out  the  borate-deposits  come  in:  these  are  now  being  worked,  for  the 
most  part  by  the  International  Borax  Company. 

Tlie  mineral  is  a  hydmtcd  borate  of  lime  and  soda,  containing  a  littW 
magnesia,  calcium  carbonate  and  sodium  sulphate,  and  highly  impregnated 
with  common  salt,  the  elimination  of  which,  however,  is  easy.  The  author 
discusses  in  some  detail  the  question  as  to  the  exact  species  to  which  the 
mineral  can  be  referred,  and  finally  decides  in  favour  of  ulexite,  the  chemical 
formula   of  which   is   Ca.,Na_Bo,  O    (H  O)    .       Moreover,   the    results   of   a 
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crystallographic  examination  under  the  microscope  point  in  the  same 
direction,  the  distinctive  characters  of  ulexite  being  very  marked. 

This  ulexite  of  Salines  Grandes  occurs  in  nodules  which,  from  thoir 
resemblance  in  form  to  potatoes,  are  called  pajtas  by  the  workmen.  As  a 
rule,  thoy  are  about  the  size  of  a  man's  fiHt,  but  are  sometimes  us  bijj 
as  a  child'H  head.  They  are  agglomerated  together  into  beds  varying  fnm: 
4  to  2H  inches  in  thickness,  and  lie  in  a  matrix  which  varien  from  a  flight Iv 
clayey  loam  to  a  Hticky  clay.  This  boraric  deposit  is  never  found  at  a 
greater  depth  than  5  feet  below  the  surface,  and  rests  upon  a  barren  >>lni<ih 
clay  of  unknown  thickncHs.  There  appears  to  be  no  sort  of  regularity  in 
the  number,  thickness,  or  relative  position  of  the  masses  of  borate  within 
the  limits  just  indicated,  and  on  the  whole  the  deposit  is  fairly  c«»n:- 
parablo  with   that   of  Columbus  Marsh   in  California. 

When  the  boracic  nodules  art?  dug  out  they  are  damp,  plastic,  and  hi^lily 
saline.  If  left  exposed,  however,  to  the  sun  and  air  for  not  less  than 
and  not  more  than  20  days  they  iK'come  hard,  lose  about  20  per  cent.  I'f 
their  weight,  and  when  they  are  shaken  up  in  a  basket  the  earthy  uiattrr 
clinping  to  them  crumbles  away.  They  then  contain  at  most  2  per  rent, 
of  common  salt.  Sometimes  the  nodules  are  cemented  togi»ther  by  »and 
impregnated  with)  a  hard  material  called  ralirh'  by  the  workmen,  ♦hi* 
consists  largely  of  sodium  nitrate,  gypsum,  glauberite.  pickeringito  and 
rock-salt. 

The  author  discusses  in  some  detail  the  various  explanations  that  «an 
be  given  to  account  for  the  origin  of  these  deposits,  and  points  out  that 
the  intervention  of  volcanic  phenomena  is.  in  any  case,  necessary-  to  account 
for  the  presence  of  l>oric  acid.  Further,  he  l>elieves  that  the  formatinn 
of  ulexite-no<lulcj«  is  still  going  on,  and  that  this  formation  is  conditi.»nfil 
by  the   annual   flooding  of  the   marshes  during  the  rainy  season. 

L.  L.  B. 
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SAFETY-APPLIANCE  FOR  WINDING-ENGINES. 
Sicherung  des   FdrderbtirithtH  (lurch  htnondtre    Apparale.      By    A.    SghlOtkr. 
Gluchaufy  1902,  voL  xxxviiL,  pages  444-452. 
To  reduce  the  pressure  that  has  ordinarily  to  be  overcome  by  the  governors 
in  releasing  the  stop-mechaniam  in  safety-appliances  for  winding-engines,  the 
author  provides  a  horizontal  governor  controlling  the  movement  of  a  rotable 
•collar  on  a  fixed  guide-rod.    To  this  collar  is  attached  a  disc  carrying  the  pawl 
of  the  releasing-g^ar  and  capable  of  adjustment  so  that,  when  any  given  spocd 
is  exceeded  in  winding,  the  brake  and  cut-off  gear  of  the  engine  is  brought  auto- 
matically into  action.    Should  the  cage  be  travelling  too  fast  near  the  end  of 
the   trip,    or   be    overwound,    the   collar   is   pulled    round    by    a    swing-hook 
actuated  by  a  friction-bowl  and  adjustable  sloping-planes  on  the  back  of  the 
depth-indicator.    This  movement  of  the  collar  releases  a  check-pawl,  which,  in 
turn,  releases  a  weight  that  actuates  the  throttle-valve  and  brake-mechanism. 
If  the  cage  is  gradually  slowed  down  near  the  end  of  the  trip,  the  collar 
does  not  come  under  the  influence  of  the  swing-hook.     On  the  other  hand, 
when  the  cage-velocity  exceeds  the  maximum  limit,  the  collar  is  pushed  by  the 
governor  far  enough  to  release  the  check-pawl,  and  actuate  the  cut-off  and 
brake-gear.     Two  sets  of  pinions  are  provided  for  use  in  winding  men  and 
coal  respectively,  and  the  cage-velocity  is  shewn  on  a  scale  on  the  dial  of 
the  depth-indicator.  C.  S. 


SAFETY-APPARATUS  FOR  WINDING-ENGINES. 
.SicherheiUapparat    fiir    Fordermaschxntn :    System     Wodrada.       By    Prof.     K. 
Habermann.       Oesterreichische    ZtitAchr\ft    far    Berg-    und    HiiUentaestn, 
1901,  vol.  xlix.,  page  227. 
An   apparatus   has   been   designed    by    Mr.    F.    Wodrada   to   prevent    the 
cages  in   mines  from   being  wound  too  high,   or  raised  too  quickly.     It  is 
worked  automatically  by  the  winding-engine  in  such  a  way  that  if  the  cage 
be  overwound,  or  the  maximum  permissible  speed  exceeded,  the  brake  acts, 
and  the  admission  of  steam  is  cut  off  at  the  same  moment.     The  apparatus 
is  placed  near  the  cage-indicator,  and  consists  of  two  vertical  racks  placed 
behind  the  indicator-spindle,  connected  to  each  other  and  to  a  ball-governor. 
At  the  bottom  of  each  rack  is  a  jiulley  worked  to  and  fro  along  a  horizontal 
lever  by  the  governor.     If  the  speed  of  the  engine   (and   of  the  governor) 
increases,  the  racks  approach  the  indicator-spindle;    if  it  falls,  they  recede. 
The   position   of   a   nut  on    the   spindle   corresponds   with    that  of   the    two 
•cages  in  the  shaft.    ITiis  nut  carries  a  knife-edge  which,  if  the  normal  speed 
of  the  cage  is  exceeded,  catches  in  the  lower  edge  of  the  rack,  and  presses 
it  down.     A  lever  is  thus  set  in  motion,  throws  on  the  brake,  cuts  off  the 
admission  of  steam,  and  the  engine  is  stopped.     It  is     also  thrown  out  of 
gear  if  the  proper  speed  is  exceeded,  and  the  cage  wound  up  too  quickly. 
The    ball-governor   then   acts   on    the   racks,   and   the   knife-edge   throws   on 
the  brake  as  before.     To  adjust  the  apparatus  for  different  speeds  of  the  cage 
without  varying  the  sensitiveness   of  the   governor,   there  are   two  pulleys 
of  different  diameters  running  loose  on  the  motor-shaft,  and  connected  to 
two  others  on  the  shaft  of  the  governor.     One  or  other  set  can  be  brought 
into  play  by  a  hand-lever.     For  winding  up  men,  when  the  cage  rises  more 
slowly,  the  larger  pulleys  are  used,  and  the  smaller  for  winding  up  minerals. 
The  racks  also  produce  a  gradual  slackening  of  the  speed  as  the  cage  ascends. 

E.  M.  D. 
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APPENDK^ES. 


I.— NOTES  OF  PAPERS  ON  THE  WORKING  OF  MINES,  METALLURGY, 
ETC..  FROM  THE  TRANSACTIONS  OF  COLONIAL  AND  FOREIGN 
SOCIETIES  AND  COLONIAL  AND  FOREIGN  PUBLICATIONS. 


<30NTACT-METAM0RPHIC    ORES    OF    BALIA    MADEN,    ASIA    MINOR. 

Beitrdge  zur  KtniUniuM  der  coHt<ictmetainorphen  Lagerntdlte  ty>»  Bcdia-JIatlen.  By 
G.  Bero.     Zeitschr{fi  fiir  prakti^t  Geologic,  1901,  rol,  ix.,  page^i  3Qo-^Q7, 

The  author  describes  the  macroscopic  and  microscopic  characters  of 
some  of  the  specimens  from  this  ore-deposit,  which  are  in  the  possession  of 
the  Freiberg  Mining  Academy. 

The  sulphidic  ores  are  predominantly  galena,  iron-pyrites  and  blende. 
"Copper-pyrites  also  occurs,  and  arsenic  fahlore  is  associated  with  some  of  the 
coarsely-crystalline  galena  and  iron-pyrites.  Among  the  oxidic  ores,  that 
•one  to  which  the  author  draws  special  attention  is  smithsonite,  occasionally 
encrusted  with  calamine,  and  betraying  (by  the  blowpipe-test)  the  presence 
•of  a  considerable  proportion  of  cadmium. 

The  country-rock  is  represented  by  fossil  if  erous  Carboniferous  Lime- 
stone, granular  limestone,  and  a  recent  tufaceous  freshwater  limestone. 
There  is  also  a  specially  interesting  (from  the  petrographic  point  of  view) 
•calcium-silicate  rock  which  occurs  in  the  contact-zone  of  the  augite-andesite. 
It  contains  epidote.  garnet,  pyrites  and  galena,  and  shows  that  the  pyrites 
was  formed  almost  at  the  same  time  as  the  garnet,  after  the  epidote  had 
orystalliEed  out.  The  galena  was  formed  much  at  the  same  time  as  the 
jmorthite-felspar,  for  both  minerals  make  up  the  cement  which  fills  the 
interstices  between  the  older  constituents.  But,  whereas  the  anorthite  occurs 
in  the  more  game tif erous  portions  of  the  rock,  the  galena  is  almost  in- 
Tariably  associated  with  the  pyrites.  This  rock  was  doubtless  originally  a 
limestone.  L.  L.  B. 

COPPER-ORES  IN  PORTUGUESE  WEST  AFRICA. 

Ikut  Kup/ererzvork'ommtii  bei  Senze  do  Itombe  in  der  Portugitsinchen  Pronnz  Angola, 
Wegt<nfrika.  By  F.  W.  Voit.  Ztitnchrifi  fur  praktUche  Geologie,  1902, 
vol,  X.,  pages  353-357,  with  1  figure  in  the  text, 

Senze  do  Itombe  is  situated  on  the  Loanda  and  Ambacca  railway,  117 
miles  distant  from  the  former  town,  which,  besides  being  the  capital  of 
the  province  of  Angola,  ranks  also  as  a  seaport.  One  train  runs  daily  thither, 
taking  12  hours  to  accomplish  the  journey.  The  ore-deposits  lie  1^  miles 
west  of  Senze,  but  only  |  mile  distant  from  the  railway-line. 

The  author  gives  a  brief  description  of  the  physiography  and  climatic 
conditions  of  the  region,  and  then  describes  fully  the  geology  of  the  more 
immediate  neighbourhood  of  Senze.  Under  a  thick  mantle  of  alluvial  and 
<irift-depo8its  lie  in  descending  order; — (1)    White,   fine-grained,   calcareous 
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sandfltones,  (2)  iron-stained  quurtzose  conglomerates,  frequently  intprbedded! 
with  micaceous  marls,  and  (3)  fine-grained  sandstones,  partly  calcareous  9mi 
micaceous.  All  these  beds  contain  fossils,  by  means  of  which  the  group  ci 
strata  has  been  assigned  to  the  Upper  Cenomanian  division  of  the  Cretaceoiu 
series. 

The  copper-ore  occurs  mostly  in  connexion  with  the  conglomerates,  aad 
cupric  carbonates  (associated  with  carbonate  of  lime  and  kaolin)  form  the 
cenienting-material  of  the  rock.  In  some  exposures,  the  conglomerates  are 
so  completely  impregnated  with  copper-ore  that  they  may  be  regarded 
as  ore-beds.  Near  the  outcrop,  the  ores  are  chiefly  malachite  and  asnxits, 
but  these  are  the  secondary  products  of  sulphidic  ores:  in  fact,  in 
places  the  original  copper-glance  is  found,  the  proportion  of  it  increaaog 
as  one  goes  deeper  down.  The  chemical  reactions  set  up  by  the  per- 
colating surface-waters,  more  particularly  active  under  tropical  conditioBS. 
account  for  the  transformation  of  the  sulphidic  into  oxidic  ores  nearer  the 
outcrop  (down  to  a  depth  of  36  feet  or  so).  As  the  strata  dip  south-west- 
ward, the  cover  increases  in  thickness  in  that  direction,  and  one  may  there^ 
fore  expect  to  meet  with  a  thinner  but  more  richly-metalliferous  bed  along 
that  line.  So  far  as  mining  operations  have  gone  at  present,  on  the  gossan. 
pockets  of  ore  containing  from  12  to  18  per  cent,  of  metallic  copper  are  found 
to  alternate  with  sparsely-impregnated  beds  containing  only  1  or  2  per 
cent,  of  the  metal.  The  author  speaks  hopefully  of  the  probable  amovat 
of  sulphidic  ores  available,  and  he  mentions  an  occurrence  of  limestone- 
gravels  completely  "  saturated  **  with  copper-ores,  about  ^  mile  north  of  the 
main  deposit.  This  northern  deposit  appears  to  be  an  instance  of  mets- 
somatic  replacement  of  limestone  by  copper-compounds.  The  water-supply 
of  the  neigh Vjourhood  of  the  mines  i«  amply  sufficient  for  industrial  pur- 
poses. L.  L.  B. 

THE  AURIFKKOUS   DEPOSITS   OF   KAPOSOS.   BKAZIL. 

lltitnOjt  inr  K^mttniHM  ih  r  (itJdhnj*  rxtHttni   ran    RnpipiOM  in    liifiJii/im.      lit/  <fi:«>Bi 

15kR(J.      Ztif^rhn/f  /iir  jtmlrftMrht    <»Vr>/of//V ,    11K)*2,  'W.   .,.,  jtatjtt  SI.S4,    >rifK 

.")  tiijurt-s  in  ffn  tt.rf. 

riio  deposits  of   Haposos,  east  of  the   Hu*  <las  Vellias.  are  perhap>  aiiioDp 

the   least-kuown   of   the   auriferous  occurreiues   whieli   enrich    the   provime  of 

Minus    Cieraes    in    Southern    Brazil.        It    is    true    that    the    gold-output    oi 

Eaposos    can    hardly    be    termed    con8ideral)le,    but    the    mode    of    oe»  urrcnw 

of   the   auriferous    pyrites   \h   iutrr^'stinp :    tlu'   ore   is    found    in    more   «»r    h"*- 

(■ylindriial    '*  poekets  "    whieli    are    traeed    oMiquely    downward    through    thf 

ro<k>. 

The  predominant  strata  ot  the  district  are  grey  pre-Cambrian  clay-^lttft- 
and  phyllites,  sometimes  represented  by  chlorite-  and  serieito-schists.  mith 
\\lii(li  an'  intrrhrdd^'d  itahirites  and  various  (piaitzitt  s.  The  itahirites  an 
so  hij^ljly  eharjred  witli  magnetite  that  surveyii'g-work  with  th»*  romp**«- 
iirrdle  is  pract ira.lly  injpossihh-  tliroughout  th«-  district.  The  i|uart/it<* 
vary  in  character  from  fincly-schistosc  to  coarsely-jjranular.  tin-  latter 
variety  containing  a  remarkably  large  proj>ortion  of  ealcite.  The  slaty  rock* 
are  traversed  hy  two  diabase-dykes,  and  the  slates  continue  with  the  samv 
strike  and  petrojrraphieal  character  across  country  into  the  important  gold 
bearing   nwks   of   Morro   Yelho. 

Now.  the  slates  of   Haposos  have  been   much   folded,   thrust    and   sheared 
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«t)d  it  13  In  Buch  $^h('ared  portions  111  at  the  pcK'ket»  of  ori*  occur,  tn^'artiitin^ 
general! J  betwee^n  10  and  30  feet,  though  in  aoine  caaes  the^  mti^r  tueaaiue 
aa  much  aa  40  feet,  and  in  others  a  a  Uttle  ae  8  inebes.  The  "  pook«ta  "  are 
arrimg:Hd  in  rows  parallol  to  thp  strike  ot  the  slateaj  and  are  infilled  wii  It 
quartz  and  pyrites,  predominant  It  iri>n-pjTite««  The  quartz  iorms  tlie 
iiqc]«>Lia  of  the  "pocket/^  and  la  mierobTeceiated ;  the  latgest  **pooket«/' 
boweFer,  itiBteBd  of  being  dire<"tly  fnvolnped  by  the  slate,  have  a  peripheruil 
layer  of  fibroua  quartz  or  quartxite,  Arai^mcal  pyrites  is  not  of  unLH>nijiion 
occiirrence  at  Raposos,  and  its  presence  there  is  welcomed  by  the  miner,  -m 
it  contaiiiE  a  high  percentage  of  gold.  Of  subsidiary  importatice  only  are 
the  occur reiiet*ii  of  Lhalcopyrite,  magnetic  pyrites  and  jtine-bleude.  The 
magnetic  iron-ore,  which  k  mu^t  prubiiibly  the  reddtuini  of  1eached-t>ut 
itabiriteSj  is  a  frequent  aaeociate  of  the  ore-pockets.  Oceasionally  also 
geod«8  are  found,  containing  true  vein-quarta  with  auriferous  pyrites,  and 
Terj  tmatl  nuggets  of  native  gold. 

There  is  no  evidence  to  show  that  the  "  pock  eta  "  are  mere  widening^  or 
4}elljitii^  of  £i?mire-Tcin3.  On  the  ether  hand,  quite  independently  if  the 
lie  and  arrangemeut  of  these  **  pocketaj"  amall  pyritiferous  veins  course 
through  the  euuntry-rock  and  some  of  the  un sheared  slates  are  found  to 
ll>e  impregnated  with  pyrites.  It  seema  probable  that  the  Rapoaos  ores  are 
*the  result  of  the  percolation  of  metalliferous  solutionH  (genet iciilly  connected 
"with  the  diabase-eruptions)  among  the  Bihe«ired  Hehi»ts  and  quartzites,  and 
the  author  ingeniously  expIninB  how  both  '*  pockets "  and  nmaU  veinn 
can  thuB   be  accounted   for. 

Down  to  depths  of  10,  20  feet  and  more,  the  surface-rocks  in  this  tropical 
area  (19  degrees  58  minutes  aouth  latitude)  are  weathered  and  dccompnt*cd 
almost  beyond  recognition,  and  at  one  time  the  gold  was  got  by  simply 
washing  these  loose  *'lateritic"  surface-deposits.  L.  L.  B. 


THE  CCrPRIFEROUS  DEPOSITS  OF  CHUQUICAMATA,   CHILE. 

^««n/o  MtHtrttf  rk  Chwpticfmiftfa.  By  Cablos  G.  Avaus&,  Bofniin  dt  in  Soe.kdwt 
Xarional  fir  Miti^riat  stria*  3,  1901,  n^i.  jm\,  patft-H  14^- 1 53. 

The  minea  of  Chnqutcamata  have  increased  enormously  their  output 
within  the  last  year  or  two*  owing  to  the  stimulus  afforded  by  the  rise 
in  the  price  of  copper.  An  output  which  averaged  annually  5,000  tons 
(containing  18  per  cent,  of  metallic  copper)  preTions  to  1899,  reached  iu 
that  year  and  in  1900  reapectively  18,000  tons  of  about  the  same  quality. 
The  output  for  1901  i*  estimated  at  35,000  tons  containing  17  to  18  per 
cent,  of  metallic  copper.  The  slight  increase  recorded  ol  late  in  the 
copper-output  of  Chile  ia  due  to  these  mines  ajone,  the  production  of  other 
and  older  mines  m  that  country  hnviug  fliniiuishcd  or  remained  stationary. 

Chuquicamata  lies  12^  miles  north-west  of  Calfima  station,  on  the  railway* 
line  from  AJitofagasta  into  Bolivia.  Calama  marks  the  southern  limit 
of  the  pluvial  region  of  the  Bolivian  high  plateau;  f^uthward  and  westward 
of  it  stretcher  the  great  desert  of  Atacama*  The  neighbourhood,  of  itself. 
offers  no  inducement  to  the  agriculturist,  hut  in  consequence  of  the  develop- 
ment of  the  mining  industry  strenuous  efforts  are  being  made  to  modify 
the  natural  conditions  of  the  soil,  ao  as  to  establish  on  the  spot  the 
iieoeasary  food-supply,  etc.  for  a  vast  mining  population.  The  Ttio  Loa, 
^coming    down   from    the   snow-clad    Andes,    will    furnish    with    its    numerous 
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water-falls  a  good  source  of  motive  power,  and  its  flow  is  so  regular  and' 
80  abundant  that  it  can  be  used  for  irrigation  as  well.  The  district,  more- 
over, is  rich  in  deposits  of  sulphur,  hydroboracite,  sulphates  and  nitrates 
of  soda,  whence  the  reagents  necessary  for  treating  the  ores  either  in  the 
dry  or  the  wet  way  could  bo  obtained.  A  small  branch  from  the  Ante- 
fngaHta  railway  runs  very  nearly  up  to  the  mines,  but  as  the  intervening 
distance  has  to  be  traversed  in  carts,  entailing  increased  cost  of  transport,, 
many  mine-owners  prefer  to  send  their  output  direct  to  Calama  by  road, 
instead  of  availing  themselves  of  the  small  branch-railway.  It  would 
appear  that  the  owners  of  the  last-named  at  present  control  in  some  way 
tho  water-supply  to  tho  mines,  and  the  author  appeals  to  Government  inter> 
vention  as  the  remedy  for  the  present  state  of  matters. 

The  metalliferous  deposits  extend  over  an  area  of  2^  miles  from  north 
to  south  and  1  mile  from  east  to  west:  but,  in  the  latter  direction  especially, 
fresh  discoveries  are  continually  enlarging  the  boundaries  of  the  mining- 
field.  The  district  is  one  of  low  undulating  hillrt  with  a  general  southerly 
slope,  cut  by  gullies.  The  surface,  down  to  a  depth  of  7  feet  or  so,  is  made 
up  of  very  recent  detrital  material,  the  debris  of  the  neighbouring  rocks. 
The  existence  of  this  superficial  mantle  concealing  the  mineral  outcrops  ex- 
plains how  it  is  that  their  number  and  importance  have  been  recognised 
only  by  slow  degrees.  Below  it  occur  the  granites,  pegmatites  and  syenites, 
which  are  the  true  country-rock  of  the  Chuquicamata  ores. 

These  ores  occur  as  true  veins,  the  main  strike  of  which  is  north  and 
south,  although  the  San  Luis,  one  of  the  most  important,  runs  east  and 
west.  In  thickness  they  vary  from  3  to  several  feet  (at  the  intersections. 
etc.):  near  the  surface  they  yield  a  natural  sulphate  of  copper,  lower  down 
a  sulphate  of  copper  and  soda  (kronkite),  deeper  still  and  in  far  greater 
abundance  atacamite,  the  oxychloride  of  copper.  At  a  depth  of  about 
2»M)  tcet,  occur  the  black  oxide  aud  the  suh-sulphide  of  coppt-r  with  a  lemi- 
giiionH  ganguc;  at  :VM)  tVct  (the  grcatost  depth  so  far  attained  at  Chuqui- 
camata) occur  copper-  and  iron-pyrites. 

The  central  portion  of  the  field  is  taken  up  by  what  are  known  as 
Uamperajt,  tho  rocks  being  traversed  in  every  direction  by  a  multitude  of 
small  fisHures,  filled  with  copper-ores  exhibiting  the  same  varietal  i«uceei- 
sion  in  depth  as  was  noted  in  the  case  of  the  true  veins  and  having  doubtless 
the  same  origin.  In  fact  the  Uarn/nra.*  are  regarded  ))y  the  author  as  :htt 
upward  or  lateral  prolongation  of  the  less  numerous  but  far  more  consider- 
able fissures  constituting  the  true  veins,  and  there  is  reason  to  U^lieve 
that  more  ol  such  veins  will  be  ultimately  struck  by  lollnwing  tin-  U'lmh-nu 
downward. 

The  principal  mine  is  the  Poderosa,  with  a  monthly  output  of  :j<H>  toui 
containing  20  per  cent,  of  metallic  copper.  In  this  and  in  the  Zaragoza  and 
Kmilia  mines,  work  is  being  actively  pushed  forward,  with  a  view  to  an 
extension  in  depth  when  it  is  hoped  to  reach  the  sulphidic  ores.  Moreover, 
it    is  possible  that    in   this  way  an    artesian   water-supply   will    >>e   tapptnl. 

riie  author  thinks  that  a  brilliant  futnre  lies  before  the  coppor-mininp 
industry  in  this  region,  especially  if  what  he  considers  the  right  treatment 
of  the  ores  is  adopted.  lie  is  in  favour  of  the  "  wet  way,"  usincf  sulphuron« 
acid  as  a  solvent,  L.  L.  H. 
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THE   COPPERrSULPHATE  DEPOSIT    OF    COPAQUIRE,    NORTHERN 

CHILE. 

Kine  ExkurttUm  zur  Kupferxu/Jat-Lagerstdtte  von  Copaqnire  im  ndrtl/ichttn  Chi/^.  By 
Haks  Oehmichbn.  Zeitschrift  fiir  praUi^che  Oeologie,  1902,  rof.  .r.,  pages 
U7151. 

The  author  describes  in  some  detail  the  general  features  and  geology 
of  the  country  as  observed  by  him  in  a  journey  north-eastward  from  the 
Challacollo  silver-mines  (78  miles  south-east  from  Iquique,  as  the  crow  flies) « 
over  the  high  dune-covered  plateau  of  the  Pampa  Tamarugal,  past  CheUes, 
Tiquima  and  Huatacondo.  to  Copaquire,  remarkable  for  its  hitherto  unique 
deposit  of  copper  sulphate. 

In  the  eruptive  andesites  and  contiguous  sedimentaries  of  Tiquima  some 
exploration-work  has  been  done  on  oxidic  copper-ores.  This  occurrence  is, 
as  it  were,  the  outpost^  the  first  indication,  of  the  cupriferous  deposit  farther 
within  the  mountains,  which  is  presently  to  be  described.  Huatacondo  is 
3  miles  or  so  farther  up  the  glen  than  Tiquima,  and  12  miles  beyond  that 
one   comes  to  the  granite-massif   wherein   the  copper   Hulphato   occurs. 

This  remarkable  deposit  had  evidently  been  worked  in  olden  times  by  the 
native  Peruvians,  but  it  was  re-discovered  only  4  years  ago.  Copaquire  is 
about  10,500  feet  above  sea-level,  and  44  miles  east  of  Challacollo.  The 
deposit  is  associated  with  the  contact-zone  between  the  granite  and  certain 
sedimentary  rocks.  Practically,  all  the  rocks  are  impregnated  with  particles 
of  copper-pyrites,  but  the  eastern  ridge  of  the  Pastille  ravine  (granite  proper) 
is  the  most  highly  metalliferous.  It  is  in  decomposed  belts  of  the  granite 
too  that  the  copper  Hulphate  mostly  occurs  in  magnificent  dark-blue 
"  stringers."  Brown  haematite  and  gypsum  are  commonly  associated  with 
the  mineral,  and  less  commonly  malachite,  azurite  and  chrysocolla.  The 
talus  below  the  ridges,  consisting  of  debris  largely  impregnated  or  brecciated 
with  copper  sulphate,  would  of  itself  afford  scope  for  profitable  mining 
o])eration8.  Although  rain  very  seldom  falls  at  Copaquire.  it  does  so  some- 
times, and  thereby  the  uppermost  layer  of  the  debris  is  leached  out  and 
compacted  into  a  sort  of  crust.  Where  the  copper  sulphate  is  in  direct 
contact  with  the  dry  air,  it  loses,  occasionally,  its  water  of  crystallization 
and  crumbles  into  a  white  powder.  The  percentage  of  metallic  copper 
varies  between  2*5  and  3. 

It  seems  that  plans  are  being  developed  for  working  the  Copaquire  deposit 
on  a  large  scale.  As  to  the  primary  origin  of  the  copper-ores,  it  is  notice- 
able throughout  this  portion  of  the  Province  of  Tarapaca  that  they  are 
associated  with  acidic  eruptive  rocks.  A  more  detailed  study  is  promised 
for  a  subsequent  occasion.  L.  L.  B. 

THE  COPPER.ORES  OF  AMOLANAS,  CHILK. 
DciJi  Kupftrerdager  i^an  Amolancut  im  De^nirtement  Copiapd  {Chile).  By  A.  EndteR- 
ZeifJichrifl  fiir  jyraktifiche  Geo/ogie^  1902,  tx>/.  x.y  jjof/fs  293-297. 
The  mines  of  Amolanas  rank  among  the  most  important  in  the  depart- 
ment of  Copiap6,  and  are  situated  about  15  miles  south-east  of  the  San 
Antonio  railway-station  (on  the  line  from  Caldera  to  the  Pacific  seaboard), 
at  the  upper  end  of  a  gorge,  at  a  height  of  7,216  feet  above  the  ocean. 
The  district  is  comprised  within  the  southernmost  portion  of  the  great- 
desert  of  Atacama,  and  14  mining  concessions  have  >)een  pegged  out  in  it,, 
in  strips  2^  miles  long  and  820  feet  broad. 


Tbe  dark  sliHlea  and  quart zitiu  i»andaton?s  of  the-  huwer  QoUit'm 
the  Lias,  astonishingly  like  the  typical  Jurassic  of  Southern  G^niiainy,  iirt 
kotn  through,  overhiin  hj,  or  partlj  interbcdded  witli  djkf»,  «ills,  «lie«tt 
and  bds»L*«  of  iTuptive  roi^k.  Forming  thi>  ramparts  of  the  AmolAnas  ¥illej, 
twd  wiOt-markod  ^mes  of  dykes  strike  casit  and  wr»t^  parallel  one  with  th4 
other,  ul>out  ;i,tKKi  feet  apart:  in  the  intervening  9^M/oe  m  c<rinplex  of 
smaller  dyke^  cut^  throTJgh  the  Jurat^&ie  ^ledimentorioa  in  Tarious  dirci^tii/ni. 
The  northernniuet  ""  rampart  "  cousints  mainly  of  a  whitish  1ip&ritc%  vvki«:li 
passee  into  <i  more  dialint-tly  porphyritii!  rnc^k  in  depth.  Tlw  HpariW  i»  full 
of  irri^uliar  cji^rities  which  nre  in  part  inBlled  with  Lupper*ore.  Thit 
"  rani  part  "  of  acidie  roek  is  cut  by  stlb  oi  melaphyre  and  diabaeH^p<jrphyTit«« 
and  aBsof  iiited  with  these,  there  ste  eztremelj  ecwrse  tuffs  contniniiig  sl*fgj 
volcanic-  Ininibs. 

The  copper^ores  wcur  chiefly  in  the  form  of  impregnations,  the  geaefml 
'*  habit"  of  which  indicates  that  they  crjrital lifted  out  Irom  minetml  solution! 
circulating  through  the  northern  belt  of  quarts- porphyry,  ncur  tbc  junction 
irith  the  later  ha  pic  intrusions.  The  laflt-uamed  may  therefore  be  r«£»rd#4 
as  the  Irue  oreH^arriers,  although  on  account  of  their  ow/i  l>arrenup«is  th«y 
are  stigmatised  aa  cahall&tt  dv.  pu'dra  (sftone  honjcs)  by  Ihc  miucfH,  That 
the  orcR^  shiMild  4)ecur  over  a  length  of  only  1  mile,  while  the  eruplivo  biH 
can  be  traced  lor  neveral  leagues,  is  attributable  to  a  trans  verve  dift|tirbafle« 
and  overthru>itiug,  from  north  to  (M^uth.  fracturing  the  entire  niMi,  At 
fissures  thiLH  formed  were  filled  with  metalliferoua  gangue.  and  cAUacd  an 
enrichment  of  the  ores  at  thotiL^  points  where  thej  truvi^r^ed  the  ore-Uidy. 

The  nietiilliferods  particles  were  precipitated  from  the  cirrulattng'  noliitiniM 
in  the  clefti^  and  fi.saures  and  cavitiei^,  by  the  alkalies  or  ^ km)  1110  cftrt^ 
contained  in  the  rtH'ka.  Tliese,  with  their  atkalJeH  thun  Ie»rhe4  QqI  «i 
them,  became  propfirtionately  richer  in  silica  and  aluniiua,  forming  wluil 
is  known  in  Chile  aa  the  manto  (eapel).  The  principal  orcit  at  AmolRJMS  sn 
daJ^k  leaden-grey  copper-glancCp  red  copper-ore  (chiefly  in  coin  pact  of  eAfthy 
maases  at  thf  oittcrop).  mtd  blurki^h-green  atHUcamite  (in  renjform*  fibroui 
and  compact  niiisBca).  Of  leas  frequent  occurrence  are  tnalachit<>.  cbaloo- 
pyrife,  bourncuite,  etc,  la  view  of  the  fact  that  the  ore  as  a  whole  i<i  mainly 
aa  iiwpregiiatif>n.  the  pert^cntig©  of  metal  I  jc  copper  in  the  deposit  it  low, 
TWSftiig  from  H  down  to  5.  NfTerthcles*  tlie  amount  of  eopjjer  in  ^h\ 
If  reekoned  at  l,215«oaO  tons.  Working  has  been  enrricid  on,  so  fatp  in  a 
terribly  waateful  ^ind  luiajfteniatie  fo^hioii.  L*  lu  H. 
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THE  AOIU FERGUS  DEPOSITS  OF  SUBINAM  DE  DtTTCH  GITUNA. 

<it^^Mr.hJHA^mamiUcht  SHzxr.n  am  Surinam,     fiy  t*.  C.  Dr  Ik^ts.     IQCit  JjmMukml 

til  Frfiffrrff/or  the  Maatm^haj^fij  Stiriuamf^  it/thf  ffn^ftf\^  ffOfff*  *^ -*'',,  l-Wi 

iPiVA  l%^^ffnrr^  in  ikr  U.rt^  2  jJnftM  of' ti»iVrinN(v>//f '■•r^/ionut  rn*fi  a  g^olo^trvU  mm^ 

The    geography,    elitnate    and    geological    structure    of    tlw    colony    ai* 

dealt    with,    and    a    short    history    is    given    of    the    comparatividy    rv<«fit 

development  of  ^old-mining  there.     It  would  appear  tJiat  tho  tno«t  invpoHAil 

auriferous  deposits  are   t\nm^  of  secondary  origin ,  that   is,   the  HllovijU  aai 

either  placers.    **  Beefs  "   have  been   proved  at  aome   places,    but    it    la  tea 

early    yet   to  «ay   whether   they   would    tvpay   working      thf    Imi*   tvttt  ctf 

veins  will   l>e  referred  to  later  on* 

Iron-Drea,   containing  as  much   as  52*6   per  rent,    of  tna Ukltio   h^^t  mi* 
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-aftfioeiated  with  the  Juterites  (toeks  whkh  itn;  the  resiUt  of  the  d(?i:oiJi- 
position,  under  tropical  dimiitic  conditionfi.  of  dmha»u«,  d  ion  to  a,  ete.),  but 
the  coat  of  transport  to  the  nearest  available  hiirbour  id  so  eiTormous,  that 
milling^  opemtioti!!  are  at  prcatnt  out  of  thu  ejUPHtion,  Another  face  would 
be  ptit  on  the  matter  if  railwayHromtnuni cation  were  provided*  Copper-ores 
ate  said  to  occur,  but  the  author  has  not  seen  tht^m  himself,  Tlie  galena  of 
the  Carolina  didtrlet  ia  of  no  industrial  importance-  Concerning  (ireciona 
atonea,  only  hearsaj  evidence  a»  to  diamnude  Ih  fortbcoming,  and  the 
eapphires,  zircons,  g-arnets^  etc.,  whitrh  the  anthor  him  aeen  in  *ifu  do  not 
call  for  special  remark.  There  are  widefi|>rcad  deposit**  of  clays  suitable  for 
pottory  purpoBca  and  of  loams  suitable  for  brickmakmg.  From  this  brief 
digresiiion  we  retitm  to  the  main  mibjeet  of  mining  enterpriae  in  {Siirinamj 
that  ht  gold. 

The  search  for  veins  or  reefs  in  the  hush  of  Duteh  Giijana  ia  attended 
with  unusual  diffienlty,  as  in  most  tian^s  no  outcrop  or  gossan  or  indicator 
of  any  kind  is  to  be  seen  at  the  surface,  and  the  proit]>ector  has  n^nallj  to 
make  trial-diggiugs  in  a  happy-go-lucky  fashion ,  The  differeut  couiplexes 
of  "veins"  are  manifeBtly  a^giK'iated  with  the  ancient  oruptiouij  of  granites 
and  diorites,  and  the  richest  of  all  occur  in  the  old  crystiiUine  schists. 
Ali  these  rocka  are  much  weathered,  and  both  walls  of  the  veins  eoumst  of 
an  iron-stained,  kaolinie,  decomposed  materiab  The  older  veins  strike 
parallel  to  the  schiats  and  pitch  steeply  northward,  whUe  the  newer  s^tHke 
north  and  south  across  the  older,  and  pitch  steeply  ea^^tward.  The  vein- 
ninU  is  r|Uart£ ;  thiii  where  richest  in  gold,  asititmes  a  reddish  or  a  blnish- 
j^rey  tinge,  niilkj  quarts  being  here  a  bad  indicator.  Iron-py rites,  tourmaline 
and  iron-glaiice  are  frequent  assirciatea  uf  the  precious  metal.  The  older 
veins  average  3^  feet  in  thickncsa,  while  the  younger  are  only  10  to  12  inehes 
thick.  The  native  gold  ot^cura  in  a  very  fine  state  of  dtvialon,  and  also  tn 
large  13a kes  among  the  cracks  and  crevices  of  the  quarts*  The  pyrites,  too, 
ij^  auriferous,  and  the  immediately  neighbouring  country-rock  is  ofli^n  so 
richly   impregnated   with  gold  as  to   be  worth    working. 

At  depths  of  100  and  I  Bo  feet  below  the  surface,  the  greatest  yet  reached, 
pyritic  ores  seem  to  become  more  abundant;  but  the  author  is  unable  to 
aoy  whether  the  conditions  here  are  similar  to  those  in  British  Guiana — 
that  is,  whether  the  anriferoua  veins  have  been  more  or  less  leached  out 
near  the  outcrop,  and  become  richer  lower  down. 

Auriferous  placera  are  distributed  broadcaat  through  Dutch  Guiana: 
indeed,  there  is  scarcely  a  single  valley  where  gold  cannot  he  said  to  occur, 
not  only  on  the  valley-bottom  but  on  the  hilhslopes  ajao.  The  author 
j^hows  bow  these  placera  originate  primarily  from  the  weathering,  most  often 
of  *' greenstones/'  lesa  often  of  crystailine  schists,  granitic  eon  tact- rocks, 
etc.»  into  laterite:  and  how  the  lateritic  material  deposited  in  the  shape 
of  claya,  loaraa  and  gravels,  forms  the  "  eluvium  "  of  the  beiicbei?  or  deep 
ptaccrs,  and  the  "alluvium'*  of  the  creek-bottoms  or  shallow  placera.  He 
does  not  consider,  therefore,  that  the  gold  has  travelled  far  from  its  original 
matrix;  this  is  opposed  to  the  popular  local  traditions  in  Surinam,  which 
point  to  the  still  unexplored  mountain-ranges,  where  Dutch  territory 
marches  with  that  of  Brazil,  as  the  I'X^m  of  the  auriferous  rock.  As  a 
general  rule,  the  alluvial  placera  are  found  to  become  richer  as  they  are 
worked  deeper  down  to  the  bed-rock,  but  in  the  eluvial  placera  or  Ijenches 
the  depoait  ia  richest  some  little  distance  above  the  bed- rock.  The  gold  is 
of  very  fine  quality,  containing  in  1,OOQ  parts  926  of  gold,  about  50  of 
silver,  and  traces  of  copper;   it  is  of  a  deep  yellow  colour.     There  is  a   ro- 

YOl^  LUL-lWl  liOi,  * 
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called  "black  gold,*  which  will  not  amalgamate:  the  precious  metal  i» 
covered  by  a  deep  black  to  brownish-red  crust  of  iron  oxide  and  organic 
matter.  Ferruginous  "greenstones"  invariably  occur  in  the  immediate 
neighbourhood  of  the  localities  where  this  variety  is  found. 

The  author  devotes  a  short  chapter  to  hints  on  prospecting,  and  then 
gives  a  lengthy  and  well-iUustrated  description  of  the  methods  of  working 
the  placers.  Great  progress,  in  this  matter,  he  says,  has  been  achieved  in 
Surinam  within  the  last  15  years,  although  the  greater  number  of  placers 
are  still  worked  on  the  primitive  "  long-tom  "  and  wooden-sluice  systems. 
But  hydraulicking  on  a  large  scale  with  modern  American  plant  has  been 
started  on  several  properties,  and  Government  concessions  have  been 
obtained  for  the  use  of  steam-dredgers  in  certain  creeks. 

The  climate  does  not  permit  of  the  use  of  other  manual  labour  than 
that  of  negroes  or  Indian  coolies:  the  European  soon  breaks  up  under  the 
strain,  if  he  attempts  to  do  hard  physical  work.  In  1900,  the  gold-pro- 
duction of  Dutch  Guiana  reached  a  total  of  28,041  ounces  troy.  A  biblio- 
graphy of  the  colony  appropriately  terminates  this  useful  little  work. 

L.  L.  B. 


BITrMKN   IN   CUBA. 
HIttnn*  II  ill  ( 'uhn.    ////  T.  Wayland  Vau<jha.n'.    Th*:  Emjiutenrnj  and  MimugJoHrnw 
[Nf:w  York],  190*2,  rot.  Ixxiii.,  patjtH  344-347,  tnth  2  iilu^tratiouM  in  the  fext. 

The  writer  was  one  of  the  three  geologists  appointed  at  the  request  of 
Governor-(jeneral  Wood  to  make  a  reconaissancc  of  the  island,  and  the 
data  included  in  the  account  were  obtained  partly  at  first  and  partly  at 
secoiul-haiKl.  The  survey  dealt  with  deposits  in  the  provinces  of  Pinar  dt*! 
Rio,  Habana,  Matanzas,  Santa  Clara  and  Puerto  Principe.  Numerous 
deposits  of  greater  or   lesser   value   were  examined. 

From  the  docriptioiis  it  appears  that  all  the  deposits  of  asphalt  alnmr 
which  spc'cifie  iiifoniiatioii  was  obtained  occur  as  veins,  pockets,  or  exuding 
springs,  ii.-,ually  in  scrpentiuc-rock.  but  occasionally  in  limestone.  None  of 
the  material  is  now  tound  in  its  original  matrix,  it  having  come  into  it* 
prc'.eiit  position  trom  eisewlieie,  but  it  is  not  at  present  poHsiblo  tt>  >t.itt* 
tlie   original    phice   of   its   occurrence. 

As  tor  the  rommercial  value  of  the  deposits,  the  bituminous  substanoi  <. 
asphalt  and  mineral  tar,  occur  from  place  to  place  in  every  province  •• 
Culia.  In  some  localities  there  is  ])romise  of  fairly  large  (piantities.  Mu<  ! 
of  the  material  ran  be  used  in  the  manufacture  of  varnish  and  for  insuKitiiii; 
l}ur|jn^«s.  but  the  practicability  of  its  use  for  other  pur]H)se8  ik  at  prcM^i 
an  nn(b(  i(lc(i  (|U«stion.  .\pparently  in  the  glance-pitch  the  prop<irtinn  •'>i 
asphaltiiii'  i^  too  high  to  allow  of  those  cementing  qualities  required  ^^r 
])aving.  rooting,  or  asphalt-cement.  Some  of  the  material  pos!«t»s*>s  larjft 
amounts  ot  jxtrolene.  but  the  st^ibility  (»f  its  chemical  ctmibination  is  y«  t 
to  bo  determined.  It  is  suggested  that  the  glance-pitches  containing  mu.  h 
asiih.iHcnc  might  hv  mixed  with  maltha  containing  much  pctrolcne.  In 
undertaking  any  (ommercial  handling  of  these  Cuban  asphalts  and  nidJtl.i 
ther«'  should  tir^t  be  a  careful  examination  to  determine  quantity,  and  r 
proved  that  a  pro])erty  possesses  sufficient  (juantity,  it  should  lie  chemica!!^ 
-.tudied  in  order  to  determine  the  prceis<»  uses  to  which  it  can  be  put 
TlicNC  bituminous  substances  otTer  an  inviting  tield  to  the  capitalist,  but  it  t* 
suggested  that  anyone  contemplating  such  an  investment  should  pnxt'^'d 
with    the    greatest    care.  X.  Y.  Z. 
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AURIFEROUS   DEPOSITS    IN   SOUTHERN    HAYTI. 

Beifrdtje  ziir  it'eofoijie  ffaltis :   V.  Das  La  Se/le  Oehirgey  die  CiU-de-Sac  Ebene  uud 
dn<  Salzjieengehiet,    By  L.  Gentil  Tippenhauer.     Petermfinna  Afittheilungen^ 
1901,  rof.  jclmUf  pa^ex  169-178,  and  2  pfate-t. 
This    paper,    on    the    whole,    deals    with   a    district    which    is    interesting 
from  every  other  point  of  view  but  that  of  the  metalliferous  miner.     It  con- 
tains, among  other  information,  a  catalogue  of  the  42  earthquakes  recorded 
at  Port  au  Prince,  the  capital  of  the  Haytian  Republic,  between  September, 
1890,    and   November  25th,    1900. 

In  the  latter  portion  of  the  paper,  however,  we  learn  that  the  Gosseline 
river,  which  runs  down  to  the  Caribbean  sea  at  Jacmel,  is,  for  a  stretch  of 
about  4  miles  below  its  confluence  with  the  Mabial,  full  of  auriferous  sands. 
These  are  estimated,  from  an  assay  made  in  New  York,  to  contain  3  parts 
of  gold  per  million.  It  is  said,  moreover,  that  gold  has  been  found  in  the 
river-bed  lower  down  its  course,  below  the  point  where  it  joins  the  Grande 
Rivifere,  and  also  in  alluvium  near  Jacmel. 

The  author  found  that  the  doleritic  basalt  through  which  the  Gosseline 
cuts  its  way  itself  contains  3  parts  of  gold  per  million.  It  is  evidently  distri- 
buted throughout  the  rock  in  a  very  finely  divided  condition,  so  finely  divided 
that  the  particles  are  invisible  to  the  unaided  eye.  On  the  other  hand, 
as  gold  has  been  found  in  flakes  of  about  ^  inch  in  diameter,  it  would  seem 
that  there  must  be  an  outcrop  somewhere  in  the  district,  of  rocks  stiU 
richer  in  gold  than  these  basalts.  Now  on  examining  the  auriferous  river- 
sand  under  the  microscope,  the  author  discovered  not  only  that  each  particle 
of  gold  was  adherent  to  a  fragment  of  reddish-violet  quartz,  but  that  where- 
ever  quartz  of  that  colour  came  into  view,  so  surely  was  gold  to  be  found 
with  it.  TJie  district  where  the  violet  quartz-reef  must  occur,  if  its  outcrop 
is  to  be  found  at  all,  is  a  triangle  of  about  324  square  miles,  bounded  on  the 
south  by  the  junction  of  the  basalts  with  the  Tertiary  limestones,  on  the 
north  by  the  watershed  of  the  Selle  mountain-range  and  on  the 
west  by  the  watershed  between  the  Gosseline  and  the  Grande  Rivifere.  The 
basalt-dykes,  with  which  quartzose  rocks  are  apparently  associated,  will  be 
easily  distinguished  from  the  superficial  basalt-flows.  The  neighbourhood 
of  the  dykes  is  generally  indicated  by  outcrops  of  nearly  vertical  shale,  torn 
asunder  and  thrust  aside  by  the  eruptive  magma.  These  shales  evidently 
underlie  the  newer  (?)  Tertiary  limestones  and  sandstones.  The  facilities  of 
communication  with  the  district,  and  the  abundance  of  water-power  avail- 
able, would  contribute  greatly  to  the  success  of  gold-mining  enterprise,, 
if  it  should  turn  out  that  a  workable  reef  occurs  there.  L.  L.  B. 


THE  BROWN-COAL  DEPOSITS  OF  MAISSADE,   HAYTI. 

J/OH  LiijuitMiftr  con  MaViMOfle  und  (hr  Aufntieii  ziim  Zentralpfaieau  ron  Oonaiv^.f 

und  vom  NortUn  aus.     By  L.  Gentil  Tippenhaueb.     Petermamis  Mittheil- 

nnytn,  1901,  ro/.  xlni,  jxhj€m  193-199,  anfk  3  fiynreM  in  the  fext^  and  2  plates. 

In  the  centre  of  Hayti,  surrounded  on  every  hand  by  limesi^one-mountains. 

ranging  from  3,500  to  5,000  feet  in  altitude,   is  a  broad  flattish  tableland, 

some  1,500  feet  or  less  above  sea-level.     The  geological  evidence  shows  that 

thii  area  is  a  former  bay  of  the  older  Tertiary  sea,  and  that  it  rose  by  a  slow 

process  of  elevation   during   Pliocene   times,   so   slow   that  the  beds   in.  the 

centre  of  the  basin  have  neither  been  faulted  nor  disturbed.     It  seems  likely 
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enough  that  artesian  borings  will  tap  a  reservoir  of  petroleum — the  product 
of  the  dry  distillation  of  the  long-buried  marine  fauna  of  the  ancient  g^lf. 
As  it  is,  petroleum-springs  are  known  to  exist  some  distance  to  the  south, 
near  Azua,  in  the  same  geological  formation. 

It  is  in  this  plateau-region,  6^  miles  northwest  of  Mai'ssade,  that  the 
brown-coal  belt  occurs.  From  north-west  to  south-east  the  belt  extendi 
for  more  than  7  miles,  with  an  average  breadth  of  3^  miles;  but,  as  new 
outcrops  of  coal  are  being  continually  discovered,  its  real  extent  is  probably 
much  greater  than  this.  The  seams  are  almost  horizontal,  dipping  at  an 
angle  of  about  5  degrees  at  the  edges  of  the  basin.  The  best  seam,  about 
5  feet  thick,  occurs  in  no  case  at  a  greater  depth  than  30  feet  below  the 
surface.  It  well  repays  working,  and  the  quantity  of  coal  available  from 
it  is  reckoned  at  50,000,000  tons.  The  analyses  of  this  coal  gave  the  following 
results: — Moisture,  1605  per  cent.;  volatile  matter,  41*30  per  cent.;  fixed 
carbon,  22*65  per  cent. ;  and  ash,  20  per  cent.  Moreover,  it  was  shown 
to  contain  3*19  per  cent,  of  sulphur.  Its  calorific  power  is  reckoned  at 
3,829  calories;  and  1  pound  of  coal  is  required  to  evaporate  7*128  pounds  of 
water.  In  some  localities  this  coaj  could  be  worked  by  opencast.  There  are 
other  seams  of  varying  quality  and  thickness  (1^  to  10  feet):  generallj 
speaking,  the  reddish-brown  inferior  lignites  occur  in  the  upper  portion 
of  the  group,  and  the  black,  lustrous,  more  compact  coals  in  the  lower. 
The  strata  among  which  these  lie  are  highly  fossiliferous  sandstones  and 
clays,  and  the  author  holds  that  the  coal-  and  lignite-seams  are  the  remains 
of  the  mangrove-clumps  which  covered  the  swamps  bordering  the  old 
Tertiary  sea.  Near  the  Canots  hills,  the  lignites  are  suddenly  thrust  up  into 
a  nearly  vertical  position,  conformably  with  the  rest  of  the  strata  thereabout*. 

There  is  plenty  of  timber  available  tor  mining  purposes,  and  it  is 
calculated  that  patent  fuel  or  hricpiettes  made  from  the  Maissade  coal  could 
be  delivered  at  the  Haytian  seaports  at  exactly  half  the  price  now  paid  there 
for  American  coal  (that  is.  at  $3*o()  per  ton  instead  of  $7).  The  actual  cot.I 
of  production  or  output  [at  the  pit-mouth]  is  reckoned  at  3s.  9d.  per  ion. 

L.  L.  li. 

lUON-ORIvS   IN    MKXKX). 

y^ox  Crindt  rot  <lt    Fifno  dtl  Ctrro  de   M«  raido  tn   Dttnntifo,  y  d*    la    //firi*^u,i'i  d* 

I'dtfHt  riftMj  hJMfndo  d*   J/idfi/(/o.     //y  M.  K.  Ran<;kl,  J.   I).  Vii.u\reli  «•  a*''/ 

E.   Hi)SK.      lidrtiu  di/  luMfifufo  (jut/oi/iro  (/>    .1// r*>o,  190*2,  Xo.  Hi,  /«/!//*«  1-44, 

unfh  ')  /itfurtM  in  the  fej-f,  and  iS  platts. 

The  first   jjnrtion  ot  this  memoir  deals  with  tlie  extreimly  rich  <»re-dep*i^iiT-* 

situated   among  the   mountains   wiiieh   cover  so  large   a   portion   of  the    Stale 

of    Durango.     The    Cerro    Mereado.    a    ridge    about     1    mile    long,    and    m>iiu- 

2  miles  north   of  the  city   of  Durango,   is  covered   with    lilocks  ot    h«»niatiti'. 

leading  at    tirst   sight   to   the  supposition   that   the   entire    range   i-*    made   up 

of   the   ore.      In    reality,    the   ore    torn  s   a    sort    of   dyke   in    a    gnat    iiia>'i   of 

rhyolite.    )»ut    it    is    believed    to    extend    to    a    considerable    depth    belo>%    th.- 

Hurtace.      Besides    haematite,    martite.    sjK'cular    iron-ore.    and    red    (nhre    .il>«» 

ocrur   here,    but    n(»    iiiagndites    properly    so-e.illed.         .\mong    the    asKix  iattni 

minerals   are   quartz,    a})atite    (in    grea*    riuantity)    and    topaz.        An    analy*i» 

of  the   best   hsematite  yielded  the  following   results: — Iron  peroxide.  91  a  p«T 

cent.;   silica.  2-5  per  eent.  ;   alumina.  ()'6  per  cent.:   and  moisture.  3  per  rent. 

Lime   and    phosphorus   were   determined    as    present    in    the    residues,    but    n«» 
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quantitatiTe  r<?Bult  is  n?L'afded  nit  to  tlipao.  More  i-onifilete  ^nnlyfjeH.  made  in 
the  United  Stiit^s  and  bncied  on  27  different  saniples,  ^how  that  the  iiverag^ 
yield  of  the  Cerro  dt^  Mercado  i>re  is  bii*S  per  cent,  of  nietuUte  iron,  and 
fhi?  overage  ttmonnt  of  f>hoapburu&  contained  m  it,  r335*!  per  cent*  (or  2379 
ports  in  every  100  of  inttiilHt'  iron).  Sulphur  aveiag^n  only  0  lJti5  per  eent. 
of  the  ore,  and  it  is  plain  thiit  the  dcpoait  doea  nut  represent  an  enornions^ 
mass  of  pyritszi  altered  by  ^nbee<]uent  o^cidBtion  into  hematite,  etc. 

The  gei'ondj  and  larger  portion  of  the  cnenioir  deals  with  the  iron-ore;^ 
of  Pleistocene  age  which  crop  ont  in  certain  barr^anra^  or  ravines  in  t he- 
Tula  net  ngo  diatrlct  of  the  State  of  Hidalgo.  The  stratigraphy  of  tbi«  area 
compriseB  Lower  Cretiieeons  shales  and  limestones  (often  much  folded),  Ceno- 
mftnian  limestone  (liJiso  highly  foUled)  mueh  poorer  in  fosails  than  the  nnder- 
^7^^S  ^^^^^P^  Tertiary  ernptive  rocks  (rhyolites,  labradoriteB  and  basalts)  and 
brecei»4  of  volcanic  materiab,  witli  rolled  and  waterworn  fossiUre mains 
{MnAhnftfH,  Equa^,  etc.).  The  rbyulite  was  ernpted  in  late  Miocene  or  early 
Pliocene  tiniea.  and  the  brecciaB  belong*  to  two  hori«<m-^,  sie  pa  rated  probably 
by  a  considerable  interval  of  time.  i^iuilerna:y  dtpoiji^  und  recent  alluvia 
overlie  the  baf^alt,  etc.  A  so-called  "  laeUfttrine "  deposit  of  lignite,  over- 
lying tuffs  with  badly-preHerved  plant-remuina,  ()ecurs  in  tbe  Arroyo  de  la* 
Florrs,  The  lignite  is  of  no  commercial  value^  either  as  to  ^juality  or 
qeiantity.  The  now  moribund  vuleanicity  of  the  region  is  represented  by  the 
thermal  springs  of  Arroyo  Seeo  (depositing  ferrnginous  eontTetions)  and 
AcasecH. 

The  gre^t  upheaval  of  thi»  part  of  Mexico  mu^t  have  taken  place  near 
the  beginning  of  the  Tertiary  era,  as  no  folding  or  faulting  of  any  conse- 
quence is  ohiservnble  in  rocks  of  later  date  than  the  Cretaceous* 

The  iron-ore  deposits  arc  of  excellent  quality,  and  the  local  economic 
eondiiiona  of  the  Ttilancingo  diatrict  are  favourable:  yet  for  Ut  years  past 
the  mineral  industry  has  been  etmducted  there  on  a  Very  small  soaJe,  and 
only  tlie  actual  outcrops  have  been  worked.  The  ore-bodies  are  inter- 
ealated  between  the  older  labradorite  (foot-wall)  and  the  later  basalt  (hang- 
ing-wall i.  and  vary  in  thickness  from  4  to  32  inches.  On  the  whole,  they 
may  be  deweribed  as  great  flattened  lentieles,  thinning  out  into  almost  imper- 
ceptibly tenuous  layers.  They  occur  at  an  altitude  of  about  6,(>fX>  feet  abnve 
sea-leveJ,  dipping  slightly  wcatward.  and  occupy  a  belt  which  U  at  least 
19  mileji  long  and  IJ  miles  broad.  The  labradortte-footwall  is  of  a  "  spongy  " 
texture,  impregnated  with  limonitc;  Ijctween  it  and  the  ore-body  intervenes 
a  thin  liand  of  rhyolitic  breccia,  similarly  impregnated  with  Hnionite  and 
with  Bcmi'Opal.  The  ore-deposit  itself  consists  in  its  lower  part  of  limonite, 
and  in  its  upper  of  red  ha'matitc.  Between  this  and  the  baaaltir  hanging- 
wall,  there  is  a  thin  band  of  ferruginous  semi-opal  of  various  colours.  Th^ 
ore-deposit  is  very  t^rnmbly  and  therefore  easily  worked,  the  masses  of 
ba^matite  being  bound  together  merely  by  a  sort  of  argillaceous  cement. 
A  sample  of  limonite  from  the  El  Sabinal  mine  yielded  the  following 
analysis: — Iron  peroxide,  75-72  per  cent.:  silica,  8*37  per  cent*;  combined 
water^   It*  per  cent. ;    and  I  races  of  phosphorugt  and  lime. 

Tbe  genesis  of  the  depusitfl  is  discussed  at  considerable  Jength.  and  the 
conclufliem  is  arrived  at  that  tbe  iron  was  originally  leaehed  out  of  deep- 
lying  rocks  by  carbonated  thermal  solutions  at  bigh  pressure,  and  thus  it 
came  about  that  silicates  of  iron  passed  into  soluble  bicarbonates.  These 
were  precipitated  (and  sulisaquently  oxidised'i,  as  the  thermal  waters  lost  som« 
of  their  beat  in  their  upward  journey.  L.  L.  B* 
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THE  ORE-DEPOSITS  OF  TAXCO  DE  ALARCON,  MEXICO. 

ApunteM  rdativoH  al  Mineral  de  Taxco  de  Alarc6n^  Kntado  de  (tufrret-o.  Hy 
Leopoldo  Salazab.  Meniorias  de  fa  Sociedad  citntijica  **  Akfonio  Afzatt, ' 
1901,  vol.  xi'i.,pagtM  167-177,  and  1  piate. 

As  early  as  the  middle  of  the  sixteenth  century  the  Spanish  coru^ui4tadifrt* 
•obtained  from  the  neighbourhood  of  Taxco  copper  and  tin,  which  they  used 
for  casting  cannon.  But  the  reaJ  wealth  of  the  district  was  only  revealed 
two  centuries  later  by  the  enterprise  of  a  French  miner.  He  made  money 
•enough  to  build  a  magnificent  church,  and  appears  to  have  retired  to  enjoy 
his  fortune  in  1763.  From  that  time  onward  until  pfetty  late  in  the 
nineteenth  century,  various  mines  were  opened  up  haphazard,  and  worked 
irregularly,  the  salient  feature  of  the  industry  (such  as  it  was)  being  the 
absence   of  scientific  method. 

Certain  mining  engineers,  who  examined  the  district,  more  or  lefts 
•officially,  previous  to  1884,  conceived  faTomrable  views  of  its  possibilities, 
pointing  out  that  none  of  the  workings  had  been  carried  to  a  depth  exceeding 
330  feet  below  the  surface.  The  stati.itics  publinhed  by  the  Mexican  Govern- 
ment in  1892  and  1898  showed,  however,  that  the  attempts  to  revive  the 
mineral  industry  at  Taxco  had  met  with  but  scant  success.  The  present 
author  is  now  engaged  in  exploration-work  there,  on  behalf  of  a  mining 
company,  but  he  does  not  look  for  immediate  results.  So  far,  he  has  devoted 
special  attention  to  the  area  south-east  of  the  town  of  Taxco.  He  dtH^rilws 
the  andesitic  eruptive  rocks  which  he  has  found  in  contact  with  the  metal- 
liferous veins  at  a  depth  of  100  feet  or  so,  and  regards  their  presence  ait  a 
favourable  sign.  It  is  supposed  that  the  eruption  of  the  andesites  fissured 
the  rocks  of  the  district,  and  that  the  metalliferous  ores  were  subsequently 
•deposit^'d  in  the  fissures  by  hydrothermal  action.  Ah  in  many  other  of  the 
mining  districtH  of  Mexico,  a  later  period  of  eruption  is  denoted  by  the 
abundant  occurrence  of  rhyolitic  lavas  which  cup  the  summit-,  o!  the 
mountains. 

In  the  central  portion  of  the  district,  that  is,  at  Taxco  and  soutli  of  it. 
mining  operations  will  have  to  be  carried  pretty  deep  down,  in  order  to 
reach  payable  ore.  The  conditions  for  exploration-work  are  favourable, 
labour,  pit-timber  and  fuel,  being  all  within  reach;  but  a  fair  amount  oi 
capital  and  patient  plodding  work  will  be  necesHary  to  make  the  mine?*  pay. 
The  author  omits  to  way  clearly  what  the  orcH  are,  apart  from  the  ropjxT 
and  tin  already  mentioned,   but  one  may  infer  that   they  are  silver-ores. 

L.  L.  H. 

PEAT  IN   PERT. 

J.n  Tnrhn  tn  *l  J\ru.  Hy  Jos::  J.  Bravo.  IhJtfin  d*l  MiuiMteritt  d*  t'"m'i.''., 
1903,  No.  X.jHKj^s^lii.^n. 
Peat  occupies  the  lM)ttoni  of  nearly  aU  the  valleys  of  glacial  ent-niou  in 
the  high  Cordilleras,  in  the  centre  and  south  of  the  eountry.  It  i.s  a  >pongv 
mass  of  a  yellowish  colour,  darkenini?  t«)  black  (iee|H»r  down.  For  bnal  u^e. 
the  peat  is  generally  not  cut  at  a  greater  depth  than  8  or  12  inches,  although 
the  author  has  seen  cuttings  of  {\\  and  10  feet.  The  peat  is  cut  out  in 
rectangular  blocks  and  dried  in  the  sun.  In  the  pampas  of  Callan.  in  the 
j)rovince  of  Jauja,  12.(i)n  feet  and  more  above  sea-level,  there  is  an  urea 
cxcee(.ing  7.')().(MM»  square  met  res  (*24M)  acres)  covered  by  peat  10  tect  it  m» 
thick,  the   analysis   of   which    is   as   follows: — Fixed    carbon,    27\>   \wr  itnt.. 
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Tolatile  combustible  matter,  36*7  per  cent.;  ash,  21*2  per  cent.;  and  moisture, 
14-5  per  cent.  The  calorific  power  has  bceu  det'Crmined  as  equivaltnt  to 
5,021  calories,  and  this  peat  has  been  successfully  used  (when  mixed  with 
a   little  coal;   for  roasting  ores   in   rcverheratory   furnaces. 

A  recapitulation  is  given  of  the  turbaries  and  analysis  of  peat  there- 
from, mentioned  by  Dr.  Haimondi  in  vol.  iv.  of  his  work  on  Peru;  and  the 
author  then  goes  on  to  point  out  that,  although  the  climatic  conditions  of 
the  Pacific  seaboard  are  not  on  the  whole  favourable  to  the  formation  of 
peat,  some  turbaries  are  to  be  found  in  the  coastal  region  of  Peru,  such 
as  those  of  Yientelo  in  the  neighbourhood  of  Lima.  Here  the  peat  is  of 
very  recent  formation  ;  its  analysis  is  as  follows: — Fixed  carbon,  11  per  cent. ; 
^volatile  combustible  matter,  34  per  cent.;  ash,  29  per  cent.;  and  hygroscopic 
water,  26  per  cent.  It  is  compressed  into  a  kind  of  patent  fuel,  after  pre- 
liminary dessication  (to  3   oi  its  weight)  and  impregnation   with   tar. 

According  to  the  mining  laws  of  the  country,  peat-deposits  belong  to  th€ 
owner  of  the  soil.  These  deposits  generally  occur  on  pastoraj  land  of  small 
Talue,  and  in  districts  where  labour  is  cheap.  There  appears  to  be  an  open- 
ing for  peat-cutting  on   a  grand  scale,   under  advantageous  conditions. 

L.  L.  B. 


THE  MINERAL  RE:S0L'RCES  OF  THE  PROVINCE  OF  C'AJATAMBO, 

PERU. 

Jlemoria  acerca  de  Ian  HufitezfUi  Minerale^  de  la  Frontwia  de  Cajatamlpo^  y  isptciat 

de  ioH  CerroJt  de  Chanca.     By  Juan  Tobrico  y  Mesa.    A  no/en  de  Coii^fntcri&iUM 

Cit^eJif  MitiOr'i  e  InduHtiioH  dtf  Pe-niy  1901,  «f  ne-v  2,  vol.  /.,  Xo.  2^  jfrnjeM  Hi, 

and  70. 

The   province   here  described  covers  an   area   of   5,838   square   miles,   and 

the   population   (largely   half-breeds  and  Indians)  probably   does  not   exceed 

40,0U0.     On    the   east    and    north    Cajatambo    is    bounded    by    the    snow-clud 

summits  of  the   Cordillera  Blanca,   etc.,   and   the   spurs   coming   down   from 

these    high    Andes   divide    the    region    into    innumerable    glens    and    valleys. 

Despite   the    rugged   nature   of    the   country    the    roads    are   not    so    steeply 

graded  as  might   be   imagined;    those,   however,   which   run   from    the   chief 

<;ity  to  the  Pacific  seaboard  are  not  merely  bad,  but  positively  dangerous. 

Proceeding  eastward  from  the  harbours  of  Huacho  and  Supe  towards  the 
interior,  one  passes  over  great  eruptive  masses  of  syenite,  granite  and 
diorite,  which  farther  inland  are  mantled  by  alluvial  deposits  and  clays. 
Then  come  the  younger  eruptive  or  porphyrites.  occupying  a  vast  area : 
with  them  are  genetically  associated  the  silver-bearing  veins.  The  por- 
phyrites are  followed  by  a  great  belt  of  sedimentaries,  and  the  summits  of 
the  Cordillera  Blanca  are  well  nigh  reached  before  another  series  of  eruptives 
•comes  in  (syenites).  There  are  no  recent  volcanoes  or  any  eruptive 
phenomena  of  modern  date  in  Cajatambo,  except  indeed  the  sulphureous 
and  ferruginous  thermal  springs  of  Churin,  Viroc  and  Ladla. 

The  author's  brief  reference  to  the  fossils  found  among  the  sedimentaries 
leads  one  to  infer  that  these  are  largely  of  Jurassic  age.  He  certainly 
thinks  that  the  coal-bearing  sandstones  belong  to  that  period,  but  he 
suggests  that  the  marls  (with  brine-springs)  of  Oyon  and  Colpa  are  remnants 
of  the  Triassic  formation.  The  two  most  abundant  useful  minerals  in  the 
province  are  silver-ores  and  coal :  a  rapid  sketch  of  its  other  mineral 
resources  will  not,   however,   be  deemed  out  of  place. 
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Gold  is  known  to  huve  been  min^ci  both  by  tbe  Spanish  mnqui^i&dflTf*. 
and  before  thi?ni  hy  the  natives.  There  are*  however,  no  ga1d'%vorkiii|fi  io 
o<?tivity  at  the  j>re&ent  day.  The  precious  metal  ii  nasociatpd,  »omi*lim«»^ 
in  luiriy  eonsideruble  proportionB.  with  th«*  sOver  of  the  argeBtiferoui  oJt*^ 

Silver,  invariably  ai^niK^iated  with  nntimony,  oecur!^  abundantly  all  or«r 
the  province,  from  the  Pacific  seaboard  to  the  auinuiits  of  the  Cordill*?* 
Blanea;  but  it  is  noticoaUc  that  the  ores  jiicrease  jn  value  and  quanlilj 
a«  one  approacheB  the  main  chain.  In  many  inatanees,  iron*pyiit««  i* 
a«aocicite(l  with  tht^ae,  and  then  Indeed  forma  the  principal  infilling  of  the 
Sasure^veins.  In  the  veina  the  stiver  aeema  to  be  conecntratcd  in  nth 
"  poeket«,"  tietween  which  completely  barren  "  fi^round  **  intcrv*ne«.  Th^ 
most  common  mineral  speeieB  are  tetrahedrite,  bournonite  and  panabiUA, 
then  kis  comuionly  occur  pjrargyrite,  atephanite  and  durfeldtite  (a  i*oiii* 
parativeJy  new  ailver-antimony  ore  diiieovered  for  the  fiwt  time  in  thr 
Irismacltay  mine  in  this  province).  Frequent  secondary  iMociat^H  aiv 
guU'tiu,  blende,  iron^pyritea,  atihine,  ehaleopyrtte^  and  in  some  ease«  astirite, 
mahicliite  and  chrvflocolla.  The  gangue  ih  moat  unually  quarts  or  calrifi', 
more  rarely  pyroluaite,  diulogite  and  barytiue.  As  in  nearly  all  PerDrian 
ore-deposits,  the  minerals  are  very  aeldom  in  the  cl^atalline  form. 

Going  from  south  to  north,  the  author  describes  in  aneeeflaioij  the  silver- 
mincB  of  Mchihh,  Merf^eden  (Uticto  district) »  NaKareno«  Anamaray  tQuiekis 
diatrirt^,  Hanrar,  (Ja&una.  Tarnsea,  Tinta,  Autjuimarca.  Talten^a,  etc,  la 
some  cases^  cakauatiou,  lixiviation  and  amalgamation  are  carried  otit  m  #*iii, 
the  furnaces  l>eing  hred  with  Conocpata  coal. 

Copper  is  almost  as  frequent  an  uaaociate  of  Hilri<r  in  f'lajatiilMUo  aa 
antimony,  bnt  cupriferous  depoftit«  properly  no  called  wr^'  of  comparaltvHy 
dpar^e  occurrence,  m  far  fl'i  ib  at  present  known.  The  recent  rise  in  priee  of 
the  metal  ha^,  however,  gitimulated  prospect ing-  wurk  in  thii*  direetion. 

Galena    ix-curs   in    many    mince,    but    in   small   quatitily    and   irricgnlarly 
distributed.     It    almof^t    alwaya    contains    some    ajvtimony.     Tl»e    only    n*ior 
where  the  lead-ore  may  be  regarded   a»  ot   industriHl   importance  in  that 
Ninopcrdido,  io  the  Hanrac  di»itrict :    the  deposit   here  mmtaina  na   murh 
7*1  |ier  cent,  of  lead,  and  never  as  litlle  as  M\  per  reijt. 

Iliende,     mostly    associated     with     tetrahedrites,     boumonjteai,     oic*,     < 
hardly  be  said  to  form   independent  deposits. 

Antimoay-ores  and  iron-pyritcfi  have  already  been  mentioned. 

Coal  oeeurn  all  ovi-r  the  province  in  a  great  merles  of  sandstoiUM  intrr* 
stratitied  with  thin  shale»,  in  seams  which  vary  in  thicknesi  froin  I  to  mote 
thvn  6(1  inchES.  The  character  imd  quality  vary  from  anthracite  to  lonf- 
flame  bituminous  coaU  The  most  important  deposit  is  that  of  Conocpata. 
An  Italian  company*  ai  mmy  M  15  years  ago,  drove  an  adit  herr,  and 
experimented  on  the  coking  qna3ity  of  the  coal  with  esttrcnicly  fiati^faetory 
rein  Its.  Uoth  roof  and  floor  of  the  aeam  consist  of  a  Instrous  bWk  ukalr, 
difficntt  to  distinguish  at  hrst  sight  from  the  cttal  it«»eir.  The  lhjcknp«a  of 
the  seam  varies  from  16  inches  to  h  feet.  Tlie  dip,  nearly  horiumlal  al  Xh* 
ontcrop.  increases  gradually  to  60  degrees.  The  coal  Is  eiciOlent  for  hlaat- 
furnace  and  reverberatory- furnace  purpt»se«,  it  leave*  only  about  4  |i*r  mpoI, 
of  very  white  ash,  and  contains  scarcely  any  earthy  matter  or  pyritcw*  Tie 
Conocpata  eoal  is  of  unique  quality  so  far  as  the  province  of  CajatAmbi  la 
coneemed,  no  other  exactly  like  it  being  found  there. 

In  th{>  Gaauna  district,  three  seams  are  worked,  with  a  Mndatoiie^twif 
and  a  shaly  floor.     The  thickness  of  the  seams  is  fairly  nniform,  av^rafriflf 
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20  inches.  The  coal  m  crumljly^  driaty,  burns  with  a  short  nornTrPljitatiii^ 
flani(?»  leaves  ejctremely  little  aah,  and  ia  unaititable  for  cokinif  piirpoftis. 
Tlie  author  claseitieB  it  as  an   atithracitf. 

Around  Oy6n,  there  arc  many  deams  of  coal  of  intermedtote  chamct^r. 
aim  out  all  the  viirieties  whieh  range  between  anthraeite  and  higblj  hitu- 
minouH  cntil  occ-tirring  there, 

Yery  pure  g-rnphitc  Is  got  from  Antiaicuar  in  the  diatriet  of  Anquimarca. 
Deposits  of  gypsum  and  native  sulphur  have  been  found  rcceiatly  near 
Cajatambo  City.     The  occurrpnte  of  brine- springs  haa  already  been  mentioned. 

Reviewing  g^oneralJy  the  prospet-ts  of  tho  uiinccal  industry  in  Cajatamho 
the  author  takes  a  diatinetly  hopeful  view,  but  points  out  that  the  great 
difficulty  which  demands  the  aerioua  attention  of  the  Governmeiit  is  the 
sicarrity  of  labour.  This  applies  not  only  to  one  province,  but  to  the  whole 
of  Peru.  L.  L.  B. 


THE  METALLIFEROUS  DEPOSITS  AND  COAL  OF  THE  CERRO  DE 
PASCO,   PEBTJ. 

A^eitto  Mineral  tld  €*trro  dr  PtiHCQ.     By  MtUB£L  FoBT.     Atmh^*  d^  Comtruettiont^ 
CiiHitJtf  Minwt  n  IndttJttHfiM  del  Ffntf  J90t^  ^eWf^  *J,  fijf.  f,,  jVo.  [^  paf/f^  U164. 

This  elaborate  memoir,  which  may  be  regarded  as  embodying  all  the 
latest  informatiori  in  the  possession  of  the  Peruvian  Government  as  to 
the  important  niineral  region  of  the  Cerro  de  Pusco,  l>egins  with  the  more 
or  lesa  obligatory  and  eusttinmry  historical  summary.  Mining^  began  there 
as  far  back  as  163iJ,  hut  tme  gutbers  that  of  late  years  the  normal  devfloj)- 
fnent  of  th&  industry  Ima  bceu  checked  by  variona  eauaea,  among  whieh  may  be- 
mentioned  the  heavy  cost  of  un watering  the  mines,  and  extravagant  speeula- 
tion  in  regard  to  eon  cess  ions.  A  fairly  detailed  bibliography  is  given ,  and 
the  author  then  deals  with  the  topography,  physiography ,  climate,  flora 
und  population  of  the  district.  He  devotes  very  rightly  considerahle  apaee 
to  the  t|Ueation  of  nieuns  of  eommunicution  and  transport :  this  will  be 
solved  ere  long  by  the  projected  railway  from  La  Oroya,  which  appears  to 
offer   no  insurmuuntahle   engineering   difheuUiesv 

The  fourth  chapter,  wherein  the  author  niakea  extensive  use  of  the  works 
and  contiuaions  of  previonn  writers  on  the  subject,  deali*  with  the  geology 
of  the  area.  The  rockH  have  lieen  so  greatly  disturbed  by  the  ageneieB 
which  determined  the  "uprise  of  the  metalliferous  masa,''  that  the  geologies ! 
structure  is  very  complicated.  Messrs.  Raiuioudi  and  Hodges,  however, 
hare  done  much  to  unravel  the  tangled  skein.  Two  groups  of  rocks  are 
TTecognizable : — (1)  The  rnetamorphoaed  sedimeataries,  con sii^ ting  of  calcareous 
conglomerates,  limestones  (of  Cretaceous  age),  older  grits  and  barren  slates: 
and  (2)  ernptives — quartz-biotite-andesites,  trachytes  (Raimondi),  and  pctssibly 
diorites. 

The  metalliferous  deposits  are  divided  into^-^fl)  Superficial,  that  i^^ 
liirgely  altered  and  decomposed;  (2)  intermediary  deposits;  and  ('!)  deep- 
seated  deposits.  The  first  may  be  regarded  as  a  vast  ferruginous  gossan, 
with  locally  respectable  proportions  of  Ipad  and  copper,  and  traces  of  silver, 
line,  etc*  In  the  aeeond  are  found  sulphides  of  iron,  copper  and  lead,  occasion- 
ally argentiferouH.  Rich  pockets  are  of  sporadic  occurrence,  and  the  ores  are 
occasionally  osidisied  or  even  reduced  to  native  copper.  Blende  is  not  very 
common  in  this  group.  The  third  or  deep-lying  group  comprises  the- 
iin,iltered  sulphides,   arsenides  and   antimonidcs  of  silver,   bismuth,   copper „ 
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lead,  iron,  etc.,  the  mere  fringe  of  which  has  been  touched  by  mining 
operations  thus  far.  The  genesis  of  these  great  metalliferous  deposits  is 
evidently  connected  with  those  volcanic  phenomena,  one  manifestation  of 
which  was  the  eruption  of  the  andesites.  Vast  fissures  were  torn  in  the 
sedimentary  rocks,  and  were  ultimately  infilled  with  metalliferous  precipitates 
from  thermal  (siliceous  and  other)  waters  welling  up  from  below. 

The  fifth  chapter  deals  with  the  main  difficulty,  which  it  is  essential  fur 
mining  enterprise  in  the  Cerro  de  Pasco  to  overcome — the  elimination  of 
the  underground  waters.  If  deep-level  working  is  to  continue  and  extend, 
the  construction  of  great  drainage-galleries  is  imperative. 

From  the  sixth  chapter,  we  learn  that  the  methods  of  working  are  of  the 
most  imperfect  and  primitive  description,  and  no  progress  is  being  made 
towards  a  better  system.  The  miners  are  exclusively  natives  (so-called 
Indians);  the  total  number  of  claims  in  1899  amounted  to  546,  of  which 
449  were  nominally  for  silver-ores  (but  including  copper),  12  for  gold,  77  for 
coal,  3  for  rock-salt,  etc.,  and  nominally  only  5  for  copper  (that  is,  deep- 
level).  No  less  than  117  haciendas  for  the  treatment  of  the  ores  have  been 
established  in  the  various  ravines  of  the  Cerro.  The  author  describes  briefly 
the  various  methods  of  treatment,  which  appear  to  be  of  the  old-fasliion»d 
•order,  and  offer,  a.}  he  says,  no  feature  cplling  for  especial  notice. 

With  regard  to  coal,  the  number  of  concessions  in  19(K)  had  reached  174. 
covering  an  area  of  2,5()0  square  miles.  The  mineral  varies  in  character 
from  anthracite  to  highly  bituminous  coal,  and  some  of  the  seams  arc  more 
than  30  feet  thick.  A  railway  to  convey  the  coal  to  a  central  smelting- 
works,  which  would  treat  all  the  ores  got  from  the  Cerro  de  Pa»c*o  metal- 
liferous mines,  is  badly  needed.  For  this,  as  for  other  things,  the  author 
believes  that  the  necessary  capital  will  be  forthcoming,  so  soon  as  the 
Peruvian  (ioverniiicnt  ^ra^its  the  necessary  leg^al  securities  and  faciliti€». 
■Cerro  de  Pasco  appears  to  have  been  too  long  the  battle-ground  of  contending 
syndicates. 

Appendices  giving  the  results  of  silver-assays,  copper-assays  and  <c.al- 
analyses,  accompany  the  memoir.  We  may  cite  such  coals  as  that  from  tht- 
Carmen  mine,  Vanahuan<*a.  containing  43  per  cent,  of  volatile  iiiattt-r. 
354  per  cent,  of  fixed  carhon  and  196  per  cent,  of  ash;  that  Iroin  thf 
Tucsi  mine  with  «)nly  22  per  cent,  of  volatile  matter,  but  54  ptr  cent,  --t 
fixed  carbon  and  24  per  cent,  of  ash;  or  the  long-fiame  coal  of  Vanatatlu. 
with  49-5  per  cent,  of  volatile  matter,  333  per  cent,  of  fixed  tarlM.n  .nul 
172  per  cent,  of  asli,  and  a  calorific  power  of  <>.29<)  calories.  L.  I..  H. 


Tin:  (JOLOVIN    HAY    KK(iION   OF   NOK TU-WKSTKRN    ALASKA. 

Tin  iinloviH  liny  liKjioit  ()/  Xin'thu'txttrn  Alusht.  liy  .1.  D.  Lu\\K\.  Fh' 
Hiuj'nuf  rimj  ami  Miiiiinj  Jourmd  [XiW  York],  1901,  »>>/.  Lui.^  J'^t'J' ^  751-75-. 
While  much  has  been  written  about  Nome,  very  little  has  been  «»aia 
about  the  (iolovin  liay  region,  lying  from  50  to  75  miles  northeast  i»t  th*- 
former,  although  mining  operations  have  been  carried  on  principally  around 
Council  City,  now  called  (iolovin  City,  for  the  last  three  or  four  >ea><»n!*. 
The  characteristics  of  the  region  as  regards  formation,  topography,  vXk.. 
are  similar  to  those  of  the  Nome  country,  except  that  the  general  elevation 
is  much  hififher.  There  is  '.he  same  surface-covering  of  tundra,  with  the 
underlying  .strata  ol   gravel,   boulders,  etc.      Bed-rock,  principally   mica-'-*iuNi 
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and  shales,  is  variously  found  from  1^  feet  down.  This,  however,  is  held 
by  many  to  be  a  false  bedding,  and  the  theory  is  advanced  that  true  bed- 
rock will  be  found  at  greater  depth.  Golji-dust  from  this  region  assays  from 
£3  lis.  to  £3  198.  (17  to  19  dollars)  or  more  per  ounce.  A  quantity  brought 
down  from  Ophir  Creek  last  autumn  by  the  writer  ran  nearly  £3  Ids.  (18*62 
dollars)  to  the  ounce  at  the  United  States  Assay  Office  at  Seattle,  Washington. 

X.  Y.  Z. 

THE  NITRATE-DEPOSITS  OF  CALIFORNIA. 

Natronmilptttr  in  CcJifomitn,  By  Dr.  Carl  Ochsenius.  Zeituchrift  fur  praktischt 
Geologie,  1902,  tW.  x.,  paytn  337-339. 

The  author  points  out  that  the  increasingly  widespread  use  of  smokeless 
powder  is  causing  the  demand  for  Chile  saltpetre  to  develop  enormously. 
Mining-engineers  reckon  that  the  Chilian  deposits,  supposing  that  the.  con- 
sumption increases  at  the  same  rate  as  it  has  within  the  last  ten  years,  will 
be  able  to  satisfy  the  demand  for  good  nitrate  for  another  quarter  of  a 
century.  Then,  however,  it  will  become  necessary  to  work  the  poorer 
deposits,  nowadays  contemned,  containing  only  from  5  to  20  per  cent, 
of  nitrate. 

In  the  northern  part  of  San  Bernardino  County,  California,  the  newly  dis- 
covered nitrate-fields  are  reckoned  to  contain  22,000,000  tons  of  workable 
mineral,  lying  in  places  5  feet  thick,  of  a  quality  equal  to  that  of  the 
Chilian  saltpetre.  The  geological  and  physiographic  conditions,  in  fact  the 
whole  natural  environment  of  the  Calif ornian  occurrence,  are  almost  exactly 
parallel  with  those  of  Chile.  The  author  draws  attention,  however,  to  the 
fact  that  California,  although  dry,  is  not  so  absolutely  rainless  a  region  as 
Northern  Chile;  and  he  has  consequently  some  doubts  as  to  the  real  wealth 
of  the  Calif  ornian  nitrate  beds,  for  sodium  nitrate  (as  he  remarks)  is  an 
extremely  hygroscopic  substance.  Just  now,  it  would  hardly  pay  to  work 
beds  containing  less  than  30  per  cent,  of  pure  nitrate.  L.  L.  B. 


THUNDER  MOUNTAIN,  IDAHO. 

Thunder  Mountain,  Idaho.  By  Wm.  E.  L*Hame.  MintH  and  Mintnds^  1901, 
{.'o/.  axi.,  page  558. 

Although  much  is  known  concerning  the  mineral  wealth  of  Idaho,  there 
are  portions  practically  unknown  to  the  outside  world.  These  lie  almost 
in  the  central  section  of  the  state,  and  their  retarded  development  is  prin- 
cipally due  to  their  inaccessibility  and  remoteness  from  transportation 
facilities.  For  15  miles  above  its  junction  with  the  main  river,  the  Middle 
Fork  of  Salmon  river  has  carved  its  bed  through  solid  rock,  the  work  of 
ages;  sheer  drops  of  1,000  feet  are  frequent,  and  the  confining  slopes  rise 
from  2,000  to  3,000  feet  higher.  A  few  daring  adventurers  have  braved  the 
dangers  of  this  rapid  stream,  and  the  fact  that  a  pan  of  gravel  can  scarcely 
be  picked  along  the  stream  without  getting  the  "  colour  "  suggests  extensive 
belts  of  auriferous  material  above. 

One  of  these  deposits  was  discovered  about  3  years  ago :  it  is  a  veritable 
mountain  of  ore,  whose  estimated  wealth  throws  the  treasures  of  the  Incas 
into  the  shade.  The  locality  is  now  known  as  Thunder  Mountain,  and  its 
elevation  is  8,000  feet,  occupying  a  central  position  among  the  headwaters  of 
Marble,  Holy  Terror  and  Monumental  creeks. 
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Thunder  Mountain  consists  entirely  of  volcanic  material.  MineralogicallT 
and  structurally,  it  is  strongly  suggestive  of  the  Cripple  Creek  region.  The 
predominating  rock  is  rhyolite  of  a  whitish  colour,  with  porphyritic  develop- 
ment of  sand  in  felspar  and  quartz-crystals,  giving  it  the  characteristic* 
of  liparite.  The  gold  occurs  in  this  material  in  native  form,  auriferous  pyrite 
being  found  only  sparingly,  whilst  magnetic  iron,  a  constituent  of  mo»t 
volcanic  rocks,    is  almost  entirely   absent.  X.  Y.  Z. 


PETROLFAJM  AND  NATURAL  GAS  IN  KANSAS. 

Fctrf>ifum  and  Natural  <ia^  in  KanAa».  By  Erasmi'S  Ha  worth.  Th*-.  Etujinr*^riutj 
ami  Afiviutf  JoiimaJ  [Xew  York]^  1901,  iyV.  Ixxii.,  paget  327  awl  397. 

The  area  in  Kansas,  throughout  which  oil  and  gas  have  been  found  in 
greater  or  lesser  quantities,  covers  about  8,5(X)  square  miles  in  the  south- 
eastern part  of  the  state.  In  the  extreme  southeastern  corner,  the  sul)- 
Carboniferous  limestone  comes  to  the  surface.  Along  the  southern  line  of 
the  state,  the  limestone  dips  to  the  west  about  20  feet  and  to  the  north- 
west from  4  to  8  feet  to  the  mile,  and  constitutes  a  floor  upon  which  the 
Coal-measure  shales  and  limestones  rest.  The  base  of  the  Coal-measures  is 
occupied  with  the  Cherokee  shales  with  interbedded  sandstones,  the  whole 
aggregating  a  thickness  of  450  to  500  feet.  These  shales  are  known  to 
extend  west  and  north  as  far  as  drilling  has  been  done,  and  they  probably 
reach  much  farther.  The  Cherokee  shales  are  the  principal  producers,  as  all 
of  the  oil  and  the  greater  part  of  the  gas  comes  from  them.  AH  the 
strong  gas-wells  obtain  gas  from  a  sandstone  lying  within  the  lower  200  feet 
of  thcHc  slmlcs.  There  is  some  doul)t  about  the  continuity  of  the  sandstone 
from  jilacr  to  place,  but  prtHpnt  knowledge  favours  the  opinion  that  tho 
productive  sandstone  of  any  one  locality  is  liniitid  in  extent,  and  that  it  U 
in  reality  a  lenticular  mass  ot  sand  which  changes  to  shale  in  every  direction, 
while  some  distance  away  a  corresponding  bed  of  sandstone  is  found  at  or 
near  the  same   horizon. 

The  drilling  of  the  gas  or  oil-wells  is  done  by  machinery  similar  to  that 
nsi'd  in  Indiana,  Oliio.  Pennsylvania  and  West  Virginia.  Hut  the  general 
conclilion  <>t  the  j*r()und  is  quite  different  troni  that  of  Indiana  and  other 
fields.  In  a  number  ot  instances,  drillers  have  come  to  Kansas  from  the 
Indiana  fields  assuming  that  all  the  casing  rccjuired  was  a  short  length  at 
the  surface,  and  have  got  into  difficulties  by  the  wells  caving  in  at  4<li)  or 
•yx)  teet  below  the  surface.  Owing  to  the  many  soft  shale-Wds  it  i-* 
geuiTally  necessary  to  case  the  wells  for  more  than  half  their  depth,  aud 
sometimes  tor  almost  their  entire  depth.  In  this  one  respect,  well-drillini? 
in  Kansas  is  more  expensive  than  in  Indiana  or  Ohio,  but  otherwise  it  is  a-i 
cheap   as  anywhere   in   America. 

das  is  used  as  th<'  principal  fuel  and  light-pr(»ducer  in  12  or  l**  differ»*nt 
cities  and  villages,  besides  being  piped  to  many  farm-houses  throughout 
the  gas-region.  And.  on  account  of  the  cheap  and  abundant  fuel  supplie<i 
by  natural  gas,  a  number  ot  manufacturing  enterprises  have  already  U^n 
established  in  Kansas.  The  more  extensive  of  these  are  zinc-smelters,  bruk- 
plants.  .iiu\  Portland-cement  factories,  and  pn^ent  indications  are  that  .it 
no  distant  date  coal  as  a  fuel  will  be  entirely  superseded  by  natural  g.i-* 
throughout    southeastern    Kansas.  X.  Y.  Z. 
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ROCK-SALT   IN    LOUISIANA. 

ami  Mining  JonrHol  [Nirti^  >'i>rit],  IIMJI,  t'fit.  ijemL,  payc  780*  trifh  jdau  ntiti 
Mc^tiQH  in  th€  ftj-L 

Ten  iiiilfB  gaiitheaat  of  Nc*w  Iberiu^  LouisiaDii,  riHing  abrij|]tly  !rt>Jii 
A  flat  expuDse  of  uiarKliland,  is  a  romarkahle  hill  covering  an  ari?a  of  about 
5  square  miles  and  from  150  to  2t)U  feet  hig^h.  It  is  failed  A  very 'a  laUnd 
<it  Petite  An^,  The  entire  island  is  underlain  by  a  deposit  of  rock-salt. 
pare  and  absolutely  Irec  from  forcig'n  matter,  and  of  unknown  deptb. 
A  bore-hole  nearly  2ifMI0  feet  deep  failed  to  pass  throug-h  the  salt.  Mining 
was  carried  on  for  muuy  years,  but  tbe  workin^a  got  Hooded  through  beiii^ 
operated  too  n^ar  the  Biirface. 

A  new  shaft,  bowerer,  bas  now  been  sunk ;  for  4i>  feet  down  from  the 
-surface  it  bat)  be«ii  elos^-cribbcd  and  cemented,  so  a^  to  etii^iti^  the  exemption 
€)f  tbe  mine  from  water.  The  cage  tbt'rt>after  desi-enda  through  470  feet  of 
solid  salt,  and  no  pnmping  whatever  is  required  from  the  mine,  l^e  ttalt 
i%  mined  by  a  Himplc  ro<im-and-pillar  aystem,  5l>  per  r<?nt.  heing  left  in 
pillarB  to  fiupporl'  tbp  roof,  fj alter ie^,  .10  feet  high  and  ;iO  feet  wide,  ar«^ 
<lriveti ;  thirty  boles,  eaeh  9  feet  deep,  are  bored  per  round,  each  ^  feet  bole 
is  drilled  in  from  4  to  6  minutee  by  a  oompreHHed-ajr  drill  ,  tbe  thirty  holea 
take  an  aggregate  charge  of  lOt)  potindu  of  -M)  per  cent,  dynamite;  and  B5 
lon^  of  salt  are  blasted  at  each  round.  The  tuilt  i^  then  loaded  into  cart^, 
eaeb  currying  2^  ton^:  hauled  to  the  shaft  by  mulebi,  then  hoisted,  crn»#hed, 
cixed.  Hacked,  and  loaded  on  cars  for  shipment.  Tbe  total  cost  of  mjuing 
«nd  emshing  li  about  la.  8d.  (4*)  cents)  per  ton.  X.  V.  Z. 


raE   TUNOrrEK-DEPOSlTS   OF  OSCEOLA,    NEVADA. 

T/ift  Osetofttt  AV^v/^cj,  Tnnif>iUHfhp<i!*iu.  Bt/  Frbd  D*  Smith-  Tht  Ajutjinttrintj 
ami  Mitiinff  Jiftttuff/  [Nrn^  Voik],  1902^  ^V.  /jr^iii-t  pmjt^  .^}4-30vi,  wiih  1 
if/uMfrttfion  in  th  f€^*L 

In  December,  19U1»  tbe  writer  made  a  earefol  examination  of  the  depoait 
-and  believeB  it  tt*  be  worthy  of  a  more  detailed  deseription.  Compared  with 
other  visible  supplies  of  tungsten-ore  in  the  world,  theac  minea  are  of  eitra- 
ordinary  economic  imjjortance,  as  tbcy  are  apparently  capable  of  producing 
more  tungsten  mineral  Uian  any  other  mine  known  and  more,  i>orhaps. 
tban  all  other  mines  combined.  The  prominent  outcrops  of  veins  of  white 
i|uartz  in  the  brownish-grey  granite  were  noticed  by  the  earliest  prospectors, 
but  the  mineral  was  for  long  supposed  to  be  *'  specular  baematite."  More 
observant  ])rospector8  did  not  determine  tbe  true  character  of  the  ore  until 
1889,  and  it  was  not  until  l89fl-l9tXJ  that  any  fiyat<5malic  attempt  was  made 
to  reaily  explore  the  deposits. 

The  veins  are  in  tbe  foothills  and  lowest  slope  of  the  Snake  mountains; 
for  several  thon>iand  feet  up  the  mountain-side  tbe  formation  is  granite*, 
which  is  overlain  by  Cambrian  quartzite*  The  latter  rock  forms  tbe  main 
ridge  of  the  mountains  to  tbe  top  of  Mount  Wheeler,  or  of  Davis  Peak, 
which  is  directly  above  the  deposits  in  question.  The  veins,  of  which  there 
arr  five  prominent  ont:*<,  ail  occur  in  the  granite,  and  plainly  cut  across  the 
bedding  of  the  granite.  TaJus  has  covered  the  veins  in  many  places,  but 
they  are  discernibJe  for  a  total  distance  of  l.SfUl  feet  up  the  mountain  side. 
which  has  a  general  slope  of  about  18  degrees.     The  hiibnerite-vein,  tihown 
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in  Mr.  J.  H.  Marriott's  tunnel,  has  a  strike  of  north  70  degrees  east,  and 
a  dip  of  65  degrees  north-westward.  The  walls  are  well  defined,  and  part 
easily  from  the  vein,  the  width  of  which  varies  from  18  to  36  inches,  and 
averages  26  inches  throughout  the  whole  length  of  the  tunnel. 

The  hiibnerite  occurs  in  the  white  quartz  in  variously  sized  crystals,  manv 
of  which  are  3  inches  long,  and  plainly  show  the  cryntalline  character. 
Massive  specimens  when  broken  show  cleavage-planes  2  to  4  inches  lon^ 
and  1  to  3  inches  wide.  Much  of  the  mineral,  however,  is  in  fine  grain» 
and  in  irregular  bodies.  The  quartz  is  found  in  some  cases  entirely  enclosing 
the  hiibnerite,  whilst  in  other  cases,  apparently  solid  mineral  specimens  are 
found  to  enclose  the  quartz.  This  plainly  shows  that  the  two  mineraln 
were  deposited  simultaneously.  The  quartz  is  very  solid,  with  practically 
no  evidence  of  weathering.  No  oxidation-products  are  found.  In  one 
locality,  a  considerable  amount  of  scheelite  was  found  mixed  with  the 
hiibnerite. 

As  far  as  studied,  it  appears  that  the  mineralization  of  the  vein  has  taken 
place  across  its  whole  width,  although  it  often  occurs  in  larger  quantities*, 
on  one  wall  than  on  the  other.  This  concentration  on  the  walls  was  found 
to  change  from  side  to  side  in  short  distances.  It  was  also  found  that 
a  concentration  of  the  mineralization  into  so-called  shoots  had  taken  plact*. 
At  the  same  time  some  mineral  was  found  throughout  the  vein.  Thei*e 
shoots  are  very  prominent  on  the  surface,  as  each  shows  an  abundance  of 
the  hiibnerite  in  massive  form,  owing  to  the  high  contrast  in  the  colour* 
of  the  hiibnerite  and  the  gangue.  At  a  depth  of  80  feet,  at  the  face  of  the 
tunnel,  it  is  reported  that  the  mineral  was  found  in  as  good  a  pruportit>D 
as  the   surface-indications  would   suggest. 

As  tar  as  examined,  the  ore  is  remarkably  free  from  other  mineraN 
All  of  tlie  ore  shipped  has  been  either  hand-sorted  and  cobbed,  or  ron- 
rentrated  by  the  crude  methods  outlined  in  the  text.  These  ores  carried 
an  average  of  68  per  cent,  of  tungstic  acid.  From  the  ore  as  exposed  in 
croppiiigs  and  workings,  it  is  the  opinion  of  the  writer  that  the  whole  vein 
matter,  if  carefully  concentrated  so  as  to  save  both  the  hiibnerite  and  the 
scheelite.  would  produce  10  per  cent,  of  mineral  carrying  70  per  cent.   WO  . 

The  mine  appears  to  be  singularly  favoured  with  regard  to  accessibility, 
proximity  to  water  for  milling  and  power,  and  large  quantitiw  of  wood  for 
fuel  and  for  timber.  The  nearest  railroad  point  is  Friwo.  Ftah.  on  the 
Oregon  Short  Line,  a  distance  of  85  miles,  over  fairly  good  desert-roads. 

X.Y.Z. 


DL^COVKUY    OF    PLATINUM    IN    \VYOMIN(J. 

Th*  l)isrnr,ry  of  l*lntinnm  in  Wyinniinj.  Ihf  WlI.mK  C  Knh;HT.  Th*^  Km/i- 
tfiimj  niul  Minimj  Jniirn'if  [Xi  »•   )'o//J,   1901,  'W.  f.cj'ii.^  f**t'./€  H45. 

The  Rambler  mine  is  located  about  50  miles  southwest  of  I^ramie.  in 
the  Medicine  IJow  Mountains,  Wyoming.  At  a  depth  of  70  feet,  a  huge  vein 
of  oxidize*!  <'op|H'r-ores  was  found,  which  made  it  possible  to  commenit- 
shipping  ore  immediately  the  strike  was  made.  Below  the  oxidized  ores, 
chalcosite  and  bornite  were  found,  and.  still  deeper,  covellite.  The  ore's 
have  varied  considerably  in  value,  but  the  blue  ore  has  averaged  about 
30  per  « <iit.  of  copp<»r  by  the  car-load.  The  vein  mcurs  in  a  schistose  form.%- 
tion,  that  is  only  a  short  distance  from  the  Archtean  granite. 

A  short   time  ago.   the  Denver  assayers.    while  attempting  to  account   f^r 
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the  variation  in  the  assay-value  of  the  ores,  discovered  that  platinum  was 
present,  and  usually  in  paying  quantities,  more  especially  in  the  blue  copper- 
ore.  The  discovery  of  platinum  in  a  vein  is  a  matter  of  extraordinary 
scientific  interest,  especially  so  when  it  appears  to  have  a  commercial 
aspect,  and  it  is  probable  that  this  region  may  prove  to  be  of  great  import- 
ance as  a  platinum-producer.  The  average  of  ten  samples  showed  0*259" 
ounce  of  platinum  per  ton  of  ore.  The  second  lot  of  samples  were  car- 
samples  of  from  20  to  45  tons  each,  and  the  platinum  averaged  0'8  ounce 
pe»-  ton.  Another  test  was  made  on  a  sample  of  matte  carrying  1*92  ounces 
of  platinum  per  ton.  X.  Y.  Z. 

THE  MINERAL  RESOURCES  OF  VENEZUELA. 

Em'urmoui   <jtolo4jirhe   nl    Van'.fte/fi.       By   E.    Cortese.        Bolhttiuo   ^hlla   Socnidf 
(jeoloffica  ItaJiaitaj  1901,  /vV.  .r.r.,  pwji  a  447-469. 

This  paper  embodies  the  results  of  the  observations  made  by  the  author 
during  a  recent  stay,  extending  over  two  months,  in  the  northern  part  of 
Venezuela.  His  collection  of  rock-  and  mineral-specimens  has  been  handed 
over  to  the  care  of  the  Royal  Geological  Office  at  Rome. 

Metalliferous  Veins,  etc. — A  great  many  mining  concessions  have  been 
granted  by  the  Government,  in  the  neighbourhood  of  Caracas  and  up  to 
near  La  Guayra,  for  the  purpose  of  working  the  metalliferous  veins  that 
seam  the  mica-schists.  It  is  said  that  near  Caracas  copper-ores  can  be  traced 
over  an  extent  of  7  leagues,  but  the  author  saw  nothing  of  this.  Around 
La  Guayra  the  concessions  were  obtained  for  working  pyrites,  galena, 
graphite,  etc.  The  author  only  visited  one  of  these,  and  found  a  deposit 
of  iron-pyrites  which  he  does  not  believe  to  be  auriferous.  As  to  the 
graphite  which  does  really  occur  in  the  mica-schists  near  La  Guayra,  it  i^ 
not  in  sufficient  quantity  to  justify  mining-operations.  South  of  Cariipano, 
on  the  other  hand,  and  in  the  west,  are  metalliferous  veins  which  have  been 
worked  in  the  past,  and  may  yet  be  actively  worked  again  in  the  future. 
Thus,  in  the  Ensenada  Esmeralda,  west  of  Canipano,  is  an  outcrop  of 
malachite  and  azurite,  which  in  depth  paesea  into  chalcopyrite :  it  occura 
among  diabasic  greenstone-slates.  In  similar  rocks,  nearer  Carupano,  on 
Guiria  Bay,  is  a  vein  of  blackish  argillaceous  matter  which  was  analysed  in 
New  York  with  the  following  result: — Copper,  67  per  cent.  [?],  silver 
3*5  per  cent.,  gold  0*05  per  cent.,  and  vanadium  0(K)8  per  cent.  More  to- 
the  south-west,  at  Revilla,  Juan  Burro,  etc.,  above  Cariaquito  and  Muco, 
is  an  extremely  rich  hsematite,  more  especially  associated  with  crystalline 
limestones.  It  is  fine-grained,  occasionally  very  siliceous,  elsewhere  very 
pure  and  heavy,  and  passing  into  magnetite.  Though  the  ore  contain» 
perhaps  65  per  cent,  or  more  of  iron,  the  author  does  not  consider  that  it 
would  repay  working,  on  account  of  the  heavy  cost  of  getting  it  down  to 
the  coast  and  put  on  board  ship. 

In  the  localities  known  as  Carmen  and  El  Encanto,  above  Cariaquito, 
galena  occurs  in  compact  masses  and  in  stringers  among  crystalline  lime- 
stones. The  ore  will  prove  valuable  for  its  lead,  rather  than  for  silver,  of 
which  it  contains  only  0*4  per  cent.  The  old  mine  of  Gran  Pobre  seems  to 
be  still  very  rich  in  grey  copper-ore.  The  author  mentions  some  other 
occurrences  of  chalcopyrite  and  galena,  to  which,  however,  he  is  unable,  at 
present,  to  attach  any  very  great  importance. 

Coal-hearing  Formations. — It  is  said  that  nearly  480  outcrops  of  coal  occur 
among  the  Oligoccne  (or  Miocene?)  sandstones  of  the  Barcelona-Naricuai  dis- 
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tbick  to  be  workiiblc  ii^t  a  profit.  Of  these  he  »aw  alx  in  the  Niiricual  diirtriei, 
two  In  that  of  Cupjrktiul,  und  one  iti  thiit  of  Araqtiitu.  The  strike  of  Ibe 
bedi  U  generailj  eust-aouth-east  and  wcBt-north-weBt  or  flouth-edst  and  norlh- 
west^  bul  th«  dip  vat  tea  great  I  j.  The  outcrops  af  eosil  ure  visible  onlj  itt 
tbe  valleya  or  ravinca,  beings  masked  on  the  hilli*,  either  hj  the  Inxuhaot 
tropical  ^egetatiuu  or  bj  more  recent  Huviattle  deposits.  The  coal  is  baxd, 
I'ompact,  with  a  bright  coDchoidiil  fracture,  ;ind  unaljsin  has  yielded  tbe 
fol]QwiQ^  reMullii: — Moisture,  1'25  per  cent.;  ash,  233  per  cent.;  rolatik 
substances^  d&^  per  cent. ;  and  coke;,  o8'49  per  cent.  The  calorific  power  i* 
tabuiat«d  as  9,052  [caloriea],  and,  everything  conaidered,  we  have  here  mn  ex- 
cellent fuel. 

At  the  Naricunl  mine,  13Q  feet  above  sea-level.  No.  5  aeam  is  being  won: 
it  ia  more  than  6^  fci't  thick.  Exploraticin-work  is  being  done  on  No.  3 
seam,  whieb  m  not  far  from  Id  feet  thick;  and  at  tho  time  of  the  anthor^f 
stay  in  that  district  another  acum  waa  atnic^k,  at  ill  thicker  than  tbo  last-i^ 
named.  There  are  mony  other  aciims  at  Karietial,  ranging  lie t ween  1  and 
^  feet  in  thickness.  Dips  vary  between  35  degrees  and  55  degrees  soutli-wsvt-^ 
ward.  Snii  another  Hcam,  the  Vena  Siniplieio,  8|  feet  thick,  dipa  6(1  de|fT#«s 
«on  t  li  -a  oil  t  h«  vv  c  Eit  w  i)  r  d . 

In  tbe  neigbbaurbuod  of  CapiricuAl,  in  various  qutbrwiwt  or  gulliBM* 
seams  from  <j  to  7  feet  tbick  crop  ont,  some  25ll  feet  abo%-e  9ea^lrveL  Tile 
eati mated  area  of  tbe  coal-field  is  3U9  »c|uare  miles.  It  is  worked  exclusively 
by  an  Italian  coiiipauy,  which  iQ»o  controls  the  railway  from  the  co«l*^cid 
throngh  llurceiotm  to  Guaiita,  and  the  breakwater  at  the  lai»t*numed  pott. 

CoaUoutcrops  have  also  been  traced  in  fiandalonca  of  the  «uune  n|pf  mm 
those  of  Niiricual,  etc.,  near  Puerto  Cabello  and  south  of  Cnnipano. 

Stjlfaiara*  and  Thermal  Sprittg^. — These  occur  more  especially  aoutli  ol 
Canipano  in  \he  Hha^uaramn  Vitlley;  they  well  out  from  among  1Ijiic«b« 
ttandatones,  making  great  bare  white  icars  amid  the  tropical  greenery,  m»i 
depositing  very  pure  native  sulphur.  A  concession  has  Iteen  oblaiiwd  hf 
m  Oermaa  company  ;  the  concesaionaireB  have  pat  down  a  magnifici^Bt  pi  ant « 
aad  constructed  a  cable-railwaj,  11  miles  long,  to  the  seaboard  tt  Carttpano. 
However,  careful  and  repeated  «tndy  of  the  locality  aecma  to  fa«ve  eonvinriMJ 
the  author  that  sulphnr  will  only  be  obtained  tbence  itt  cotnpttrativdy  Nmall 
quantity ;  on  the  other  hand,  be  has  aacertuined  the  occurrence  of  einnabiaf^. 
and  it  la  possible  tbal  this  may  prove  to  be  of  industrial  importanrf. 

AfpMt  and  Pttrntfum. — Rich  asphalt^lakea  occri?  at  OuanfH-o  and 
Ouariquen,  among  the  lagoons  which  end  off  tbe  Gulf  of  Paria  un  Ibe  weal. 
mlMia  near  PutncuaJ,  etc. 

At  Manicuare.  opposite  Cnman&,  and  near  La  Sftlina  de  A  ray  a,  the  ntrtiwc 
^observed  indications  of  natural  gim  and  oil.  In  fact  he  is  persuade«l  titol 
petroleum  occurs  along  a  vaat  extent  of  the  coa«t-line  of  the  Gulf  of  CdkliaMk, 
»iid  that  there  are  the  makinipi  of  a  Krent  industry »  one©  tbe  strike  tif  tbs 
petroleum-deposits  hiis  been   followed  op  and  mapped  out.  L.  I,.  II, 


THE  IRON-ORE  DEPOSITS  OF  HEW  S017TU    WALES. 

Tk$  hm^mt  D^pmMB  qf  JV^f*a  South  WtUtM,     %  J.  B.  jAQCirf,     Mtmm^  ^f  th^ 

Oweiogieai  ^itrfvy  t/  AV'r  South   WQies,  1901 1  tkidag^^  N^  %  pngt*  I4M. 

toUk  MUmfro'm  mmptf  «ecl**afM  and  ^datm. 

The  writer  has  made  a  earefnl   survey  of  all   the  depmdta  «f  imnHMv 

within    a    rvasonable   distance   of   those   centres   which,   by   reason   of  iMr 
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-proximity  to  aupplies  of  coal   and  limestone,   may   be   regarded  as   suitable 

localities  for  the  establishment  of  smelting-works. 

The  writer  examined  nearly  200  deposits  of  iron-ore.     Many  of  these  were 

of  dimensions  too  small   to  be  of  value   to  the  ironmaster,   but  the   most 

important,   to   the    number   of   sixteen,    are   tabulated    below,    shewing    the 
•districts  in  which  they  occur,  the  description  of  ore  that  they  contain,  and  the 

estimated  quantities  that  they  will  yield. 


Dlstriot. 

Deacriptiou  of  Iron-ore. 

Estimated 

Minimum 

Quantity  of  Ore. 

Breadalbane         

Cadia          

Carcoar       

Chalybeate  Spring           

Cowra         

Goulburn 

Gulgong     ...           

Mandurama  and  Woodstock 

Marulan 

Mudgee      

Newbridge,  Blayney  and  Orange 

Queanbeyan          

Rylstone  and  Cudgegong 
Wallerawang  and  Piper^s  Flat  .. 
Williams   and    Waruah    River 

Diatrict 
Wingello 

Brown  ore  and  hajmatite 
Specular  haematite,  magnetite, 

and  carbonate  ore 
Brown  ore  and  haematite 

Brown  ore 

Magnetic              .          

Brown      ...         

Magnetic            

Brown      

Brown  ore  and  haematite 
Brown  ore  with  manganese    ... 

Brown  and  magnetic 

Magnetic             

Brown      

BroMm     

Titaniferous  magnetic  ore 

Aluminous          

Tons.            ! 

700,000 

39,000,000 

3,000,000 

1,510,000 

100,000 

1,022,000 

120,000 

609,000 

40,000 

150,000 

150,000 

1,000,000 

443,000 

200,000 

1,973,000 

3,000,000 

Total          

53,017,000 

X.  Y.  Z. 


THE  METALLIFEROUS  ORES  OF  THE  MENADO  DISTRICT, 
DUTCH  EAST  INDIES. 

(1)    Veridag  omirtnt  de  gedurtnde  heijaar  1899  tn  de  Reddtntie  Menado  gedreven 

geotogUch-mijubouwhuidige    Oiiderzoekingen    en    Mijnantginning.       By    M. 

KoPERBBRG.     Jnarboek  van  het  Mijnweztn  in  Nederlandsch  OoMt-Indi^,  1900, 

vol,  xxix. ,  pages  30-60,  and  4  platen, 
•(2)    Verdag  i-nn  het  geofogi^ch  en  mijnhouwkundig  OwUrzoek  in  de  ReMdentie  Mtnado 

oifer  het  jojar  1900.     By  M.   Kopebbkbo.     Ja^arboek  van  het  Mijnwezen  in 

Nederlandsch  Oost-Indie,  1901,  vof,  xxjc^  pages  115-121. 
In  the  Totok  river-basin,  andesites  and  andesite-conglomerates  are  over- 
lain by  the  Miocene-Pliocene  marine  limestones,  and  at  the  point  where 
the  river  saws  through  a  gorg^  in  the  limestone,  irregular  *'  quartz  "-masses 
are  found  with  visible  native  gold.  The  productive  workings  are  all  above 
the  1,000  feet  contour-line,  and  no  "  quartz "  is  found  at  the  base  of  the 
limestone^wall.  One  is  rather  inclined  to  infer  that  the  "  quartz  "  is  really 
•a  chert,  formed  by  silicification  of  the  limestone  in  past  ages,  and  that  the 
gold,  originally  associated  with  sulphidic  ores,  has  been  set  free  by  the 
processes  of  weathering. 

Reefs  or  veins  of  quartz  with  sulphidic  ores  occur  in  the  andesites  and 
.andesite-conglomerates    of    several    localities    (Bolang    Mongondo,    Ranoiapo 
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river,  etc.) :  these  ores  are  chiefly  pyrites,  more  or  less  auriferous,  xinc- 
blcnde,  and  galena  (generally  containing  some  gold  and  silver).  The  two 
principal  veins  of  Soemalata  occur  in  an  eruptive  conglomerate,  at  first 
thought  to  be  porphyrite,  with  a  steep  north-easterly  dip.  The  gangne  is 
quartz,  and  the  ores  are  pyrites  associated  with  magnetic  and  arsenical 
pyrites,  and  now  and  then  blende.  So  too  the  principal  vein  of  Dopallak 
courses  through  eruptive  rock:  it  consists  chiefly  of  iron  and  copper-pyrite*. 
with  galena  and  a  little  zinc-blende,  in  a  gangue  of  brecciated  quartz  and 
"  blanched  "  andesite. 

Details  are  given  of  the  prospecting  and  preliminary  work  done  bv 
various  private  companies,  and  the  Soemalata,  Paleleh  and  Totok  mines 
are  briefly  described.  From  the  Paleleh  mines  all  ore  containing  more 
than  150  parts  of  gold  per  million  is  shipped  to  Europe,  the  remainder 
being  treated  in  the  colony.  The  Totok  mines  had  20  stamps  at  work  at 
the  time  of  writing.  L.  L.  B. 


THE  DIAMANTI FERGUS   DEPOSITS   OF  SOUTH-EASTERN 
(DUTCH)  BORNEO. 

iLf"  G'lMtmtntM  diamanti/erfi  dt  la  R^giotiy  mui-ejit  de  rjfe  dt  Borneo  (Po^Mt^^Um^ 
HoUandni'ieH),  By  —  CrASCC7£L.  AnncUe^  (Uj*  Miiuty  1901,  j*eritM  9,  rof. 
jru\j  page^  5-23,  aiul  1  plate. 

Diamantit'erous  depositfi  have  been  worked  by  the  Malays  for  many 
centuries,  at  the  two  extremities  of  the  southern  coast  of  Borneo.  Those 
around  Landak,  near  Pontianak,  the  capital  of  the  western  district,  were 
not  visited  by  the  author,  so  his  paper  deals  exclusively  with  those  of 
Martapoera.  near  IJaiijeriuasin,  capital  of  the  southern  and  eastern  districts. 
This  town  is  built  on  piles,  amid  the  marshes  which  extend  inland  from 
the  swampy  coast,  and  it,  as  well  as  the  country  right  up  to  Martapoera 
(19  miles  farther  inland)   is  often   under  water   during  the   rainy   season. 

Martapoera  Ih  situated  a  little  below  the  confluence  of  two  small  rivers, 
tha  valleys  oi  whieh,  as  well  as  their  affluents,  are  diamond-bearing.  From 
the  miner's  point  of  view,  the  most  important  area  is  covered  by  the  49.000 
acres  stretching  north  and  south  of  the  Banjoe-Irang  river.  On  the  east 
the  diamantiterous  gravels  abut  on  the  flanks  of  coal-bearing  EtK'ene  hills, 
while  on  the  west  they  dip  under  the  swamps  that  extend  to  the  sea-coast, 
and  no  man  can  say  where  they  end.  Of  all  the  pros|K'rous  and  populous 
villages  that  formerly  dotted  this  area,  onjy  one,  Tjampaka  (6  miles  fron. 
Martapoera)  has   retained  some  sort  of  vitality. 

The  **  pay-gravels  "  are  only  a  few  inches  below  the  surface  in  the  upper 
partM  of  the  va]leys,  lower  down  they  are  2.1  to  2()  feet  below,  and  on  thr 
borders  of  the  swamps  they  have  to  be  reached  by  pits  as  mueh  as  H2  ItM*t 
deep.  Moreover,  the  thickness  of  the  gravels  varies  greatly,  more  espeeially 
near  the  upper  ends  of  the  valleys:  in  the  lower,  broader  |x>rtions  thr 
average  thickness  is  about  3  feet,  and  there  too  the  continuity  of  thi 
deposit  is  more  regular.  Perhaps  the  most  variable  factor  of  all  is  thr 
tenour  in  diamonds,  not  only  in  regard  to  the  number  of  precious  stones  p*^ 
cubic  yard,  but  also  as  to  dimensions,  lustre,  colour,  etc.  The  chief  con- 
stituents of  the  gravel  are  white  quartz-pebbles,  oft^n  iron-stained:  mitb 
these  are  a  few  porphyritic  rocks,  micaceous  quart zites.  shelly  limestone*, 
rolled  flints,  and  semidecom))08ed  granulites  and  pegmatites,  but  no  laidc 
igneous  rocks.     The  whole  is  more  or  less  bound  together  by  stiff  white  clay 


TEAXSACTIOXi^    AXH    PERIOIIICALS, 

^evidently  the  decoinposition-produet  of  felapiirij)  Rud  ii  lean  corapnct  yelloir 
diiy.  The  ovprLjini^  depnajta  arc  eluyR  i^bieh  pnHfi  downward  into  aunds, 
and  tlipsfi  iti  turn  puss  into  gmvclti  wUieb  beof»nip  courser  and  coarser  until 
the  J  |3as«  into  tht^  "  prty-gravels/'  the  f|  u  art  !e- pebbles  uf  whieh  vary  in  Bize- 
from  that  of  a  bllljiird-ball  to  that  *>f  n  man's  head.  The  bed-rm^k  is  either 
&  compact  red  elay  or  dark  bhush-grey  toug^h  fehales.  In  the  npper  parts  of 
the  valleys  a  conglomerate  of  highly-dei^onipoBed  gretn  stone -pebbles  sorae- 
titnes  comes  ne^t  below  the  dinmantiferons  gravels,  and  is  underlain  by  the 
red  cluT.  Both  this  clay  and  the  shales  are  of  KcKiene  age^*  and  form  the 
main  ma&s  of  the  bilU.  Among  the  shales  are  intercalated  bands  of  grit 
and  seams  of  bitnminous  coi*l,  some  of  which  are  workable.  There  ho^  been 
no  change  in  the  general  physiography  of  the  district  since  the  deposition 
of  the  diamaniiff?roiis  gravels,  and  we  may  therefore  infer  that  they  are  of 
Quaternary  age*  ^Fhe  anthor,  in  contradistinction  to  the  late  Mr*  J,  A. 
Hoove's  vieTv*  that  the  matrix  of  the  diamonds  of  Martapoera  is  to  be  sought 
among  the  crystalline  schists  at  the  heads  of  the  valleys^  holds  that  the 
mother-rock  of  these   diamonds  is  a  grannllte  or  pegmatite. 

The  diamonds  arc  very  little  rolled,  and  have  generally  a  distinct  cryHtalline- 
iorm^  the  most  frequent  being  the  octahedron.  They  are  nsnally  tinged 
with  yellow,  but  are  sometimes  water-clear,  very  rarely  red  or  bhie,  and 
aliU  more  rarely  black.  The  last-named  are  highly  valued  by  the  natives- 
ftn  amulets  against  bad  luck.  The  stones  are  ou  the  whole  small  in  aize^ 
renowned  for  their  lustre  and  purity,  and  generally  considered  harder  than 
the  Cape  diamonds.  It  is,  however,  the  Cape  diamond  that  is  moetlj 
hawked  about  by  the  Arab  traders  in  Borneo  as  being  the  Martapoera 
diamond.  Among  the  associatea  of  the  diamond  in  the  pay-graveU  are 
native  gold,  platinum,  corundum  (generally  blue)  and  rutile.  The  black 
sand  which  forms  the  abundant  residue  of  the  washings  contaiDB  much, 
magnetite,  titanite  and  chrome^iron-ore. 

The  deposits  have  never  been  worked  ou  what  EnrofM?ans  would  coosider 
a  methodicaJ  and  regular  system.  A  de^scriptiou  is  given  of  the  primitive 
manner  in  which  the  natives  set  to  w^ork^ — but,  however  primitive,  it  implies 
a  considerable  amount  of  industry,  patience  and  skill.  In  the  later 
seventies,  the  South  African  diamonds  made  their  appearance  on  the  local 
markets,  and  it  may  be  said  that  the  diamond-industry  of  Martapoera, 
moribund  since  1886,  is  now  a  thing  of  the  past :  the  annual  output  is  barely 
1,000  curate.  L.  L.  B, 


AURIFEeOUS  ORES  OF   NORTHERN   CELEBES. 

iT^htr  die  Gf.otofftf^  firr  Umgtfffiid  t^Ji  SHma/atia  au/  Xof^l-CifJf^lte^'i  nud  iti^r  dit  dori 
vori'oinmemtf'H  ifMf'iiht'tndtii  Ef^tfanije.  By  G,  A.  F,  Molencraafi^- 
Zftitnirhtip  /^r  imtkfiWht:   Of^oforjie,    1902,    ro^.    x,,   paffttJ*   249-257 »    uifh    4 

The  goid-bearing  coastal  area  of  Northern  Celebes  is  of  a  very  moun- 
tainous character:  along  the  whole  length  of  it  runs  a  mountain* range,  the- 
summits  of  whicli  vary  between  5,00fl  and  7,000  feet  above  sea-level,  form* 
ing  the  main  watershed  oj  that  region.  In  the  neighbourhood  of 
Soemalata,  the  district  which  forms  the  principal  object  of  the  present 
memoir,  this  mountain -range  is  about  64   miles  distant   from  the  northern 

*  jQm^)Qtk  ran  htt  Mifmpezen  iit  Nederfajid^^ch  Of>^-lndie\  18SI3,   mf,  a:^/.^ 
puifeM  1-431,  und  li:  piaf km. 
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coast  and  attains  its  highest  elevation,  that  portion  of  i^  being  known  u 
the  Bolio-Hutu  range.  Parallel  to  it,  and  halfway  between  it  and  the  gem, 
runs  another  mountainous  ridge  (which  the  author  calls  the  SoemaiaU 
coastal  range)  with  summits  varying  from  3,300  to  4,o00  feet  in  altitude. 
The  Bolio-Hutu  mountains  consist  of  a  granitic  core,  in  part  mantled  by 
highly  metamorphosed  bedded  rocks.  To  these  latter,  the  author  has 
applied  the  name  of  the  Dolokapa  series,  as  their  best  exposures  are  seen 
about  the  headwaters  of  the  Dolokapa  river.  They  consist  largely  of 
crystalline  schists  and  contact-rocks,  thrust  up  on  end  and  showing  the 
fan-like  disposition  familiar  in  the  Alps,  the  Himalaya,  etc.  Overlying  them 
unconformably  is  the  Wubudu  eruptive  breccia,  which  constitutes  almost 
the  entire  coastal  range,  from  Matinang  to  Kwandang  bay.  The  Wubudn 
river,  from  its  sources  to  the  sea,  flows  exclusively  through  this  formation, 
■and  the  pebbles  rolled  along  its  bed  are  made  up  of  the  eruptive  breccia 
alone.  In  places  tuffs  are  intercalated  among  the  breccias,  frequently 
showing  traces  of  subsequent  siiicification. 

The  author  also  describes  a  purely  sedimentary  conglomerate,  the  Obapi 
-conglomerate,  best  seen  on  the  farther  side  of  the  ridge,  behind  Bolontio. 
6  miles  or  so  west  of  Soemalata.  There  is  reason  to  believe  that  this  con- 
glomerate is  older  than  the  eruptive  breccias  above  mentioned,  being  possibly 
of  early  Tertiary  or  Upper  Cretaceous  age. 

The  Wubudu  breccias  are  traversed  by  two  systems  of  fissures,  the 
older  striking  generally  west  35  degrees  north  and  east  35  degrees  south, 
while  the  younger  strikes  due  north  and  south.  Nearly  all  the  metalliferous 
veins  so  far  discovered  along  the  "Gold  Coast"  of  Northern  Celebes,  are 
associated  with  the  older  system  of  fissures.  It  is  curious  that  faults  are 
extremely  rare  in  them,  and  they  are  largely  infilled  with  eruptive  material. 
In  the  case  of  the  best  mineralized  vcinB  the  gangue  is  a  peculiar,  venr 
felspathic,  easily-weathered  diorite-porphyrite  of  andesitic  character:  the 
author  terms  it  the  Dopalak  porphyrite,  as  having  been  first  noted  in  the 
Dopalak  vein  of  the  Paleleh  mine.  Minerali/uition  Hcenis  to  have  taken 
place  in  several  ways:  sometimes  the  ore-deposit  is  a  true  contact-formation 
between  the  Wubudu  breccias  or  country-rock  and  the  Dopalak  porpnyrite; 
sometimes  the  actual  metalliferous  vein  is  more  or  less  split  up  in  the 
gaiigue-rock,  in  which  case  the  latter  is  always  impregnated  with  ore.  A 
gradual  passage  between  the  two  modes  of  occurrence  is  also  seen.  There 
does  not  seeni  to  he  much  doubt  that  the  genesiH  of  the  ores  is  as8<x-iatf<l 
with  the  volcanic  activity  which  caused  the  injection  of  the  tissuro<4  %*ith 
andesitic  and  porphyritic  magmas.  This  injection  was  probably  accom|vanitd 
and  followed  by  the  upwelling  of  thermal  waters  <arrying  the  mot  a  Hi  forum 
particles  in  solution,  and  these  were  ujtinuitely  precipitated  in  the  firt«*uro<« 
and  combined  into  various  compounds. 

The  conditions  of  weathering  are  such  that,  inland  the  metal lifenM;s 
veins  do  not  crop  out  at  the  surface,  wliereas  along  the  ctuist  the  eruptive 
dykes  which  contain  them  stand  out  like  walls,  the  salbands  enptviallT 
offering  considerable  resistance  to  the  continual  beating  of  the  surt.  Tlif 
remnants  of  these  dykes  form  nearly  all  the  islets,  reefs  and  rmky  head 
lands  \%hi<h  characterize  the  northern  coast  of  C'elelH^s.  The  Dt»paljJ[ 
|)orphyrite.  in  con8e(iuence  of  its  high  percentage  of  felspar,  weather'*  (even 
down  to  a  considerable  depth)  to  an  easily-recognizable  clay,  of  a  pale  bluish- 
grey,  flecked  with  numerous  white  specks,  and  assuming  a  pink  tinge  onir 
near  the  surface.  This  clay  serves  as  a  good  "indicator"  for  nunirir 
|)rospectors. 
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One  metalliferous  vein  was  observed  by  the  author  in  the  Dolokapa  series. 
It  was  4  inches  thick,  and  was  infilled  with  beautifully  transparent,  very 
pure  rinc-blende,  associated  with  some  pyrites  and  quartz.  The  Obapi  con- 
glomerate is  traversed  by  numerous  fissures  which  are  in  part  mineralized 
and  gold-bearingf.  In  their  general  strike  they  coincide  with  the  younger 
system  of  fissures  previously  mentioned:  these  sometimes  fault  the  older 
system,  and  the  author  does  not  positively  know  of  any  case  where  they 
are  metalliferous,  although  he  thinks  it  possible  that  the  Dunuki  vein  is- 
to  be  reckoned  among  these  later  fissures. 

The  chief  ore-bearing  veins  in  the  neighbourhood  of  Soemalata  are  then 
more  particularly  described:  these  are: — (1)  The  Parajava,  some  5  inches- 
thick,  infilled  with  auriferous  magnetic  pyrites,  and  a  very  little  quartz 
and  calcite;  (2)  the  Northern,  of  a  maximum  thickness  of  12  inches,  only 
the  western  portion  so  far  proving  profitable,  infilled  with  auriferoua 
sulphides:  up  to  January  1st,  1902,  660  tons  of  ore  had  been  got  from  this, 
vein,  containing  30  parts  of  gold  per  million;  (3)  the  Southern,  the  most 
important  of  all,  and  the  only  one  that  has  so  far  been  worked  to  any 
considerable  depth.  It  is  characteristically  lenticular,  varying  in  thickness 
from  4  to  50  inches.  The  Wubudu  breccia  forms  the  hanging-wall,  and  the 
Dopalak  porphyrite  the  foot-wall.  The  ore  consists  of  the  following  minerals, 
in  decreasing  order  of  abundance:  arsenical  pyrites,  iron-pyrites,  magnetic 
pyrites,  zinc-blende,  galena  and  rarely  copper-pyrites.  All  are  more  or  less 
auriferous  and  argentiferous.  There  is  very  little  quartz,  and  still  less, 
calcite,  associated  with  the  metallic  sulphides.  The  average  gold-content 
is  40  parts  per  million,  and  in  the  richer  portions  of  the  vein  it  attains 
a  maximum  of  400  parts  per  million,  although  the  precious  metal  is 
invisible  to  the  unaided  eye.  From  the  beginning  of  1900  up  to  August  1st, 
1901,  some  5,500  tons  of  pure  ore  were  got  from  this  vein,  yielding  about- 
8,270  ounces  of  gold.  The  deepest  level  in  the  mine  (recently  driven)  is 
65  feet  below  the  adit.  (4)  The  Yeta  Nueva,  discovered  as  lately  as  1901, 
was  proved  for  a  leng^th  of  little  less  than  1  mile.  So  far,  only  the  ferruginous 
gossan  has  been  touched,  but  iron-pyrites  and  arsenical  pyrites  are  to  be- 
met  with  below,  and  the  vein  is  known  to  consist  of  a  series  of  lenticles- 
intimately  intermixed  with   the   Dopalak   porphyrite. 

The  ore  from  the  Soemalata  mine  is  roasted  on  the  spot  with  a  mixture- 
of  coke  and  coral-limestone,  and  a  matt«  consisting  of  74  per  cent,  of  iron, 
1  per  cent,  of  copper,  and  25  per  cent,  of  sulphur  is  thus  obtained.  Its 
gold-content  is  200  parts  or  more  per  million.  If  it  contains  less,  it  is- 
broken  up  small  and  re-roasted.  The  slag  that  runs  off  from  the  smelting- 
fumace  is  found  to  be  free  from  gold,  and  hence  it  is  assumed  that  the  process- 
involves  practically  no  waste.  The  good  matte  undergoes  a  second  smelting 
with  an  additional  amount  of  lead.  The  gold  is  thus  concentrated  into 
the  lead  up  to  about  1,400  parts  per  million,  and  this  auriferous  lead  is 
thereupon  shipped  to  Europe.  L.  L.  B. 


MAGNETITE-DEPOSITS    IN    LUZON,    PHILIPPINE    ISLANDS. 

Ueher  tint  MagiittePtenerzlagerHtdttt  hti  Para<:cUt  in  Nord-Camarines  auf  Lutjou^ 
By  F.  RiNNE.     ZeiUchrifi  fur  praktiHcht  Geologit,  1902,  vol.  x,,  pagts  115-^ 
117,  ityilh  1  /igurt  in  tht  text. 
In   the   course   of   a   visit   to   the   Philippines   in   1900,    the  author  was 

enabled     to    examine    an    iron-ore    deposit    in    the    province    of    Northern 
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Oamarines,  on  the  eastern  coast  of  the  island  of  Luzonl  The  localitj  is  a 
forest-clad  hill  rising  some  130  feet  above  the  surroundings  district  of 
Paracale,  a  small  Tagala  township,  very  near  the  embouchure  of  the  Malaguit 
in  the  Pacific  Ocean.  It  may  be  noted  in  passing  that  along  the  banks  of 
the  Malaguit  are  frequent  outcrops  of  white  and  yellowish  quartz,  with 
which  are  associated  pyrites  and  gold,  evidently  the  debris  of  consider- 
able reefs. 

The  hill  of  Bato-balani,  or  the  Living  Stone,  is  littered  with  blocks,  great 
and  small,  of  magnetite,  and  at  first  sight  impresses  the  observer  with  the 
•erroneous  idea  that  the  entire  hill-mass  is  magnetite.  Exploration-work,  how- 
ever, has  shown  that  the  ore  occurs  here  only  as  loose  blocks  strewn  on  the 
surface,  or  accumulated  in  heaps,  but  not  forming  solid  rock.  Diggings  prove 
that  the  weathered  laterite  on  which  these  blocks  rest,  passes  deeper  down  into 
a  dioritic  eruptive  rock,  and  it  may  be  plausibly  assumed  that  the  ma^etite. 
at  one  time  or  another,  has  been  chemically  separated  out  of  the  diorite- 
magma.  The  occurrence  reminds  the  author  of  the  genesis  of  nmilar 
deposits  in  the  Urals,  such  as  Gora  Blagodat  and  Wiss6kaya  Sopka.  In  the 
case  of  Bato-balani,  the  former  existence  of  a  limestone  overlying  the 
diorite  was  doubtless  an  important  factor  in  the  contact-metamorphic 
phenomena  which  resulted  in  the  setting-free  of  magnetite.  Similar  blocks 
of  iron-ore  are  numerous  near  Dagang,  and  on  the  way  up  the  Tagiintung 
Hill,  in  the  aforesaid  district  of  Paracale.  L.  L.  B. 


CUPRIFEROUS  SANDS  OF  LUZON,  PHILIPPINE  ISLANDS. 

Kupftrrt'uhtt  Sttiuh  hn  Ma/(njHlfgthlfl  hi  Patf trait ,  Luzon.  Hy  F.  Rinne. 
ZtitHchrift  Jiir  prfik'tiMi'hf  (j*:olo<j'u,  1901,  '"o/.  Z^'. , /xif/<^  387-«i89. 

Two  deposits  ot  tupriforouH  siiiid  are  worked  by  the  Tagalas  in  the 
Malaguit  river-basin,  one  of  which  occurn  in  the  neighbourhood  of  the 
Bato-balani  ("living  atone")  magnetite  in  the  Subnuuiuin  Valley,  and  the 
/)ther   in   the   Calaburnay   Valley. 

The  author  washed  samples  of  sand  which  he  obtained  from  these  deposits, 
and  found  native  gold,  more  abundantly  in  the  Submaquin  than  in  the 
Calaburnay  sand.  As  a  matter  of  fact,  gold  occurs  in  the  alluvia  of  all 
the  affluents  of  the  Malaguit.  The  copper  occurs  abundantly  in  grains 
not  bigger  than  the  head  of  a  pin,  and  is  very  pure.  Magnetite  and  iron- 
glance  form  the  main  mass  of  the  heavy  residue,  zircon  is  found  in 
numerous  minute  crystals,  and  iron-pyrites  only  ociasionally. 

The  condition  of  *\\v  constituents  of  these  cupriferous  sands  shows  that 
they   cannot    have   travelled    very    far   from    their   original   hnuA. 

The  Tagalas  smelt  the  copper  in  shells,  and  it  is  sold  in  that  form  to 
<'liinese   and   Tagala    traders.  L.  L.  B. 

n>in(iHT  FOSSIL  THKES  IN  THE  E.VLISOLLE  COLLIEKY.   HEL(iirM. 

Un     <li-*nn»nl     '/»      Tnmrs    dW  rfn-f  s-ilthout     nx     (^hurlnmHmjt     il*      Fn/i^iJIt .        />V 

X.    StAIMER.       liulhtin   ih    hi    SfU'irt/-    lithji    i/»    ^»Vf>/f>j/i# ,    //#     PnhttuttJt^H'    '* 

iT  llifilro/oijit  y  190*2,  rttl.  .rri.,  Mt'tnttin^^  //r/f/f  t  69-7(),  ami  *1  fJtU*^M. 

The  (MMurrence  of  upright   boles  or  trunks  of    fossil   trees  is  by   nn   mean-* 

<<oinmon    in    the    Belgian    Coal-measures.     Those    just    laid    bare    at     Kalij«<>lle 

happen  to  <M(iipy  a   position  in  a  cross-cut   that  affords  unusually   favnur.ihle 
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•opportunities  for  close  investigation.  At  this  colliery,  the  Lambiotte  coal- 
seam,  the  lowest  worked  in  the  principal  pits  of  the  Namur  coal-field,  over- 
lies a  bed  of  extremely  hard,  highly  quartzose,  white  or  grey  grit,  some 
22  or  23  feet  thick.  Sometimes  there  intervenes  a  clayey  "  floor  "  (at  most 
30  inches  thick),  with,  rootlets  of  Stigmaria,  between  the  grit-bank  and  the 
•  coal-seam.  Eastward  the  grit  thins  out,  southward  and  westward  it  passes 
into  an  excessively  hard  quartzite.  At  Falisolle,  the  Lambiotte  seam  is  con- 
torted into  no  less  than  six  folds,  between  the  Gouffre  and  Carabinier  faults. 
Above  the  seam,  at  an  average  distance  of  13  feet,  is  a  seamlet  of  coal. 
This  at  Arsimont  and  Ham-sur-Sambre,  comes  near  enough  the  Lambiotte 
seam  to  be  worked  with  it,  and  so  too  in  the  southern  district  of  the 
Falisolle  colliery.  Going  westward,  the  seamlet  suddenly  diverges  widely 
from  the  main  seam,  and  it  was  hereabouts  that  the  upright  tree-trunks 
were  discovered,  in  the  thickness  of  a  bed  of  28  feet.  They  are  three  in 
number,  two  of  them  quito  destitute  of  the  usual  external  carbonaceous 
crust,  and  apparently  are  now  mere  casts  of  hard,  compact,  grey  shale. 

The  author  concludes  that  they  did  not  grow  in  place,  but  were  drifted 
into  their  present  position  and  silted  up  there.  He  points  out  that  no  great 
mass  of  roots  extends  from  their  bases  into  the  rock-floor:  there  are  merely 
a  few  isolated  fragments  of  roots,  evidently  brought  from  afar.  At  the  roof 
of  the  seamlet  above  described,  not  only  in  the  Falisolle  colliery,  but  in  all 
those  of  the  neighbourhood,  there  is  an  abundant  fauna  of  marine  fishes. 
The  practically  simultaneous  existence  of  these  and  terrestrial  vegetation  in 
the  same  area  would  presuppose  (in  the  author's  opinion)  changes  of  catac- 
lysmic violence,  for  which  there  is  not  the  slightest  evidence.  The  upright 
position  of  the  fossil  trees  does  not  affect  the  question.  It  is  well  known  that 
drifted  trees  float  with  their  roots  downward,  as  the  centre  of  gravity 
lies  somewhere  near  the  base,  and  this  would  be  especially  true  of  the 
conical,  all  but  hollow,  trunks  of  the  Carboniferous  forest-trees.         L.  L.  B. 


BAUMHAUERITE,  A  NEW  SULPHARSENITE  OF  LEAD. 

BIf.iMiilfarHenite  atpt  (iem  BinnenthaJ.  Theil  III.  BaumhauevU,  cinneneH  Miueral^ 
uiid  Dtifrenoysit.  By  R.  H.  Solly.  Zeitschriff  fur  Kryf^failoijnijthif  nnd 
MiiiercUogiej  1903,  j'o/.  xxxrii.^  pages  321-331,  aiul  1  plate. 

This  new  mineral  has  been  found  in  the  Binnenthal,  Switzerland,  in 
isolated  monoclinic  crystals,  associated  with  other  plumbosulpharscnites,  in 
the  white  dolomite  of  the  stream-bed  of  the  Lengenbach.  It  is  leaden-grey 
to  steel-grey  in  colour,  possesses  a  metallic  lustre,  and  yields  a  chocolate- 
brown  streak.  The  mineral  exhibits  conchoidal  fracture,  ics  hardness  is  3, 
and  specific  gravity  5*33;  and  the  chemical  formula  is  given  as  4PbS,3A8  S  . 
Sometimes  the  crystals  are  of  tabular  form,  deceptively  like  those  of 
jordanite;  sometimes  they  are  rhombic  prisms  like  duf renoysite ;  and  some 
apparently  simple  crystals  are  really  built  up  of  sensibly  parallel  growths 
of  small  crystals,  often  twinned.  The  paper  contains  an  elaborate  descrip- 
tion and  crystallographic  measurements  of  the  various  forms,  and  also  the 
•<!hemical  analyses  by  means  of  which  the  above-cited  formula  was  arrived  at. 

The  mineral  is  named  after  Prof.  Baumhaucr,  of  Fribourg.  L.  L.  B. 
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THE  FLORA  OF  THE  ALPINE  UPPER  CARBONIFEROUS. 

B%t  tit  wort  e   zur  DemaitMt  ration  eines  Florenbildej*  dt**  Alpinen   OhtrcaHton,      By 
F.    VON    Kerner.       Verhaiidfungeii    der    kaintertich-h'iniglichen    geo/ogi^ht-n 
RffichMaiu*talf,  1902,  pages  125-127. 
The    vegetation   generally,    of   which   the   remains   are   presenred    in   the 
Carboniferous  strata  of  the   Alpine   region,    was  one   that   grew   along   tht* 
banks  of  rivers  which  brought  down  in  their  waters  mud,  sand  and  gravel. 
At    the    Stoinach     Pass,    in    the    Tyrol,    remains    of    tree-ferns    are     pre- 
dominant {PfcopteriSy  AlethopterUy  Scolecopteris,  etc.)  and  the  creeping  fern. 
Lygodium  Sta<:hci.     The  Sphenopterids,  so  characteristic  of  the  Middle  Car- 
boniferous, are  not  to  be  found  in  the  Upper  Carboniferous  of  the  Central 
T^rol.     Other  well-known  Coal-measure  plants  which  occur  in  the  fossil  flora 
of    the    Stcinach    Pass    are    species    of    LejndiHitndron,    Lejndophylium,    and 
Calamitfft.  L.  L.  B. 

CALEDONITE  FROM  THE  CHALLACALLO  MINES,  CHILE. 

(Itfn  r  tinen  iieutii  Fnndort  iUm  Cniedoititn  in  Chi/e.  By  Geoho  Bebg.  TVA^/vwal** 
MintfrdogiMchf  itiid  PHrographinche  Mitthfilungeu,  1901,  ixtl.  xx.,  pagf 
390-398. 

This  mineral  is  u  sulphate  and  carbonate  of  lead  and  copper,  in  small 
blue  crystals,  and  was  found  among  the  ore-specimens  from  the  upper  levels 
of  the  Challacallo  silver-mines,  in  the  Atacama  desert.  It  forms  part  of  a 
collection  recently  forwarded  to  the  Freiberg  Mining  Academy. 

The  intense  sky-blue  coloration  of  the  mineral  differentiates  it  from  nearlv 
all  previously-described  occurrences  of  caledonite.  The  locality,  more- 
over, is  a  new  one  for  that  mineral  species.  A  chemical  analysis  of  the 
Challacallo  caledonite  is  given,  showing  its  high  percentage  of  carbonate 
and.  alter  an  elat>orate  discussion  of  the  analyses  of  caledonite  from  otht-r 
localities,  the  author  rejects  the  view  (advanced  by  Prof.  Story-Maskelyne 
and  Mr.  Fliglit)  that  carbonate  occurs  in  it  merely  in  the  form  of  a  me<*hanical 
admixture  oi  cerussite.  Still,  what  with  differences  of  coloration  and 
chemical  analyses,  it  would  appear  that  caledonite  can  hardly  be  regarded 
as  a  mineral  ot  hxed  composition,  and  it  is  here  defined  as  an  **  isomorphic 
mixture." 

The  Challacallo  (»reh  <»c(ur  as  parallel  veins,  sometimes  coalescing  into 
one  g^reat  vein,  coursing  througii  a  tiuartz-trachyte  cone  which  rises  up 
from  the  high  plateau  of  Atacama.  The  strike  is  nortli.  nothing  to  10  degret-* 
west,  and  the  dip  westerly,  very  steep.  The  filling  of  the  veins  appcar>  U- 
be  (  hiefly  (juartz,  but  it  is  a  (juestion  whether  deeper  down  the  quartz  \* 
not  in  part  replaced  by  other  minerals.  There  are  cross-veins,  dippint: 
steeply  too.  ))ut  they  ai)pear  to  have  little  effect  on  the  principal  vein.  On 
the  <)tlier  hand  tlien*  is  a  great  crush-zone.  (5  to  \'.\  feet  thick,  to  which  the 
rather  vaguely-UM'd  term  iimnio  has  been  applied,  which  has  had  an 
impoverishing  iiiHueiut'  on  the  principal  vein — owing  perha{>H  to  the  cinuU- 
tion  of  subterranean  waters,  leaching  out  and  carrying  off  the  ore-part ioIe>. 
Many  rare  inineraN  have  l)een  got  from  tlie  outcrop,  but  the  only 
immediate  aissociat*'  ot  caledonite  here  is  azurite.  Tlie  principal  silver-<ont«iit 
is  connected  with  the  so-called  ltrh*(ii>r,  a  decomposed  mass  of  vein-stu* 
and  country-rork.  highly  impregnated  with  <  hlorides.  iodides  and  other  nalt* 
of  silver.  L.  L.  H 
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CHALMEESITE,   A  NEW   COPPER-SULPHIDE  FROM  BRAZIL. 

Uther  Chalmerait,  tin  neueM  Svlfid  der  Kup/erglaitzgrttppe  I'on  der  Ootd  Miiie 
"  Morro  Velho  "  in  MiiuM  OeraeM,  Branfien,  By  E.  Hussak.  CeiUra/blaff 
/Ur  Mineralogies  Oeologit  und  Paiaontotogie^  1902,  /•©/.  iV.,  ptigfA  69-72. 

The  gold-mine  of  Morro  Velho,  one  of  the  oldest  and  most  successful  in 
Brazil,  lies  at  the  foot  of  the  Serra  do  Curral,  near  the  capital  of  the  State 
of  Minas  Geraes.  The  ore-body,  interbedded  conformably  with  chloritic 
calc-schists,  consists  mainly  of  magnetic  pyrites,  carbonates,  and  arsenical 
pyrites,  together  with  quartz.  The  strike  is  easterly  and  westerly,  the  dip 
about  45  degrees,  and  the  depth  to  which  workings  have  been  carried  well 
nigh  3,300  feet.  There  is  no  visible  gfold  present  in  the  free  state:  never- 
theless the  gold-content  of  the  pyrites  averages  18  parts  per  million. 

After  a  reference  to  a  detailed  description  of  the  mine,*  the  author 
draws  attention  to  the  druses  lined  with  magnificent  crystals  of  various 
minerals,  which  occur  chiefly  at  the  junction  of  the  ore-body  and  the  calc- 
schist. 

The  new  mineral  occurs  invariably  in  such  druses  in  association  with  the 
magnetic  pyrites  and  the  copper-pyrites,  and  has  been  described  by  the  Prince 
Dom  Pedro  Augusto  de  Saxe-Coburg  as  millerite  (which   it  is  not). 

It  is  strongly  magnetic,  has  a  specific  gravity  of  4*68,  and  corresponds  to- 
3*6  in  the  scale  of  hardness.  Called  chalmersite  after  Mr.  G.  Chalmers,  the 
superintendent  of  the  mine,  this  mineral  is  found  in  opaque  yellow  acicular 
crystals,  possessing  a  metallic  lustre,  often  twinned.  Chemical  analysis- 
yielded  the  following  percentages: — Iron,  46*95;  copper,  17-04;  sulphur, 
35-30;  whence  the  formula  CuFe„S,  (or  Cu„SFe^S,)  is  deduced.  The  author 
regards  chalmersite  as  in  all  respects  isomorphic  with  copper-glance;  and 
a  study  of  the  order  of  crystallization  of  the  minerals  at  Morro  Yelho  shows 
that  the  new  mineral  was  the  last  but  one  to  separate  out,  being  preceded 
by   magnetic   pyrites   and   followed   by   copper-pyrites.  L.  L.  B. 


RICKARDITE,  A  NEW  TELLURIDE-MINERAL. 

Richarflitf  tin  neueM  Afiiieral,     ByW.  E.  Fokd.     Zeifschriff  fiir  Krynta/fographiey 
1903,  to/,  xxxtni,,  pages  609-610. 

This  mineral  was  found  at  the  Good  Hope  mine,  Vulcan,  Colorado. 
The  chief  ore  worked  there  is  pyrites,  with  which  metallic  tellurium  is 
associated  in  unusually  large  masses.  The  new  mineral  occurs  in  lenticles 
intimately  intergrrown  with  the  native  tellurium.  The  mean  of  two  analyses, 
shows  its  percentage-composition  to  be:  Copper,  40*51;  and  tellurium,  59*49. 
This  corresponds  to  the  chemical  formula  Cu  Te  ;  it  is  a  pure  telluride 
of  copper,  without  any  traces  of  sulphur,  selenium,  arsenic,  antimony,  lead, 
silver  or  gold.  As  it  constitutes  a  new  type  of  telluride,  the  suggestion 
is  put  forth  that  each  molecule  of  the  substance  is  really  a  combination  of 
one  molecule  of  cuprous  with  two  of  cupric  telluride,  or  Cu  Te  +  2CuTe. 
It  has  a  magnificent  purple  colour,  is  tough,  and  of  irregular  fracture,  of 
hardness  3*5,  and  specific  gravity  7*54.  When  molten  it  burns  with  a  pale 
azure-blue  flame,  green-tinged  at  the  edges. 

The  mineral  has  been  named  after  Mr.  T.  A.  Rickard,  of  New  York. 

L.  L.  B. 


*  Engineering    and    Mining   Journal  [New    York]^    1901,    vol.   Ixxii.,  paqts 
485-489,  »WM  5  illuHtraliom  in  the  text. 
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COLOURED  TOURMALINES  OF  CALIFORNIA. 

PrectouM  Stones  in  the  UniUd  State/<  in  1901.  By  Geobge  F.  Kunz.  The 
Engineering  and  Mining  JoumaJ  [New  York],  1902,  r-o/.  fxxiii,,  pagt^  38. 
Recent  discoveries  in  Southern  California  have  revealed  a  localitj  of 
x^oloured  tourmalines,  in  a  ledge  of  quartz  and  lepidolite,  at  an  altitude  of 
nearly  1  mile,  on  Mesa  Grande  mountain,  San  Diego  County.  As  compared 
with  the  well-known  locality  of  pink  tourmalines  in  lepidolite  at  Palo. 
California,  this  new  occurrence  differs  in  presenting  large  and  separate 
crystals  in  both  lepidolite  and  quartz,  many  being  translucent  or  even 
transparent,  and  with  perfect  terminations.  Rubellite  is  the  prevailing 
variety;  but  all  the  colours  occur,  sometimes  several  in  one  crystal — both  in 
transverse  sections,  as  at  the  Maine  and  Connecticut  localities,  and  in  con- 
centric zones,  as  often  in  Brazil.  Besides,  there  are  some  large  and  per- 
fectly colourless  acliroites,  and  some  yellow  specimens.  Frequently  rubellite 
or  other  coloured  crystals  have  a  thin  dark  green,  or  nearly  black,  outer 
shell  or  coating,  characteristic  of  this  locality.  Many  gems  have  already 
been  cut;  and  as  specimens,  the  crystals  are  magnificent.  A  number  of 
single  rubellitos,  only  partially  perfect,  weighing  up  to  70  carats  each,  and 
occasional  yellow,  green,  and  white  gems,  have  also  been  found  here. 

X.  Y.  Z. 


A   NEW    MANGANESE-IRON    MINERAL.    MANGANOSPH.^RITE. 

Mitthf^iluuijtii  iiher  MnitganoHphdnt,  Scha-ejy,  firooh'f^  Augit  nnd  Pyrit,  Hy 
K.  Bu8/«  NfUtH  Jnhrfmch  fi'tr  M inern/ogie,  GeoHogie  and  Pa/it-ofiffJoiji', 
1901,  rfj/.  //.,  fmgfM  129-140,  irifh  QJigitrex  in  th  t^-xt  and  1  ///«/*. 
At  Horhau8en  in  the  Westerwald,  Geniiany,  the  Luise  mine  is  openvd 
up  in  a  spathic  iron-ore  deposit,  which  is  associated  with  a  basalt-dyke  of 
a  thickness  varying  troiii  21  to  1(>  feet,  cutting  through  the  Devonian 
grauwaLke-slatcs.  At  tlic  27.')  tcet  level  the  basiilt  is  seen  to  be  intrusive 
into  the  ore-body  itself,  inducing  therein  contact-metamorphic  phenomena. 
Some  of  the  cavities  in  the  basalt  are  filled  with  reniform  or  gra|>e-liko 
aggregations  of  a  mineral,  the  rhombohedral  surfaces  of  which  have  a 
shimmering  lustre.  The  colour  is  reddish-brown,  much  lighter  than  that  of 
sphffirosiderite.  Careful  microscopic  examination  and  chemical  analysis 
have  proved  that  this  is  a  new  mineral,  quite  distinct  from  oligonite  ;  and, 
on  account  of  its  high  tenour  in  manganese,  the  author  names  it  '*  mangan«»- 
spha'rit*'."  It  stands  in  exactly  the  same  relation  to  oligonite,  as  spha*r«»- 
fliderite  does  to  spathic  iron-ore.  In  the  scale  of  hardness  it  stands  a  little 
below  apatite,  being  represented  by  the  number  4J  to  3 ;  its  spccihc  gravitv 
is  ''i'i>i;  and  its  percentage-composition  is  as  follows.  —  Ferrous  oxide.  :i^i-72 
nianganous  oxide,  2476:  and  carbon  dioxide,  :W-34.  In  other  words,  it  i« 
made  up  of  three  parts  of  iron  larbonate  to  2  parts  of  manganese  larbr.n.iTe. 

L.  L.  H. 

THK  ARTIFICIAL  RKPUODT'CTION  OF  M1NKHAI>  HY  SlULIMATIoN 

('*htr   iitii^ffirh*     I  hiisti  llninj    ron    Min*  ndit  n    dmrh    SuUiinnh'ou.        liy    HkR^ANN 
TrauBK.      (%ufrfi/h/iiff  /lir    M  iiurtd<njit ,   (ii«Jtnfit    nnd    /*(d'tn,ttfU*Hiit ,    I9l>l. 
/va/.  /.,  junj,^  079-683. 
It    is   pointed   «)ut    that    the   reason    why.    up  till   recently,    the   method  M 

sublimation  in  the  experimental  synthesis  of  minerals  has  not  met  with  much 
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success,  is  that  tho  boiling-points  of  most  inorganic  compounds  are  very 
high,  and  thus  at  the  high  temperatures  at  which  the  experiment  must  be 
conducted  there  is  enormous  difficulty  in  excluding  either  the  oxidizing 
action  of  the  atmosphere  or  the  reducing  action  of  flame-gases.  Even  the  use 
of  the  vacuum-pump,  though  it  allows  of  the  lowering  of  the  boiling-points, 
«does  not  do  away  with  the  technical  difficulties  of  such  experiments.  But  the 
boiling-point  of  a  g^ven  body,  A,  may  be  lowered  by  heating  it  with  a  sub- 
'Stance,  B,  which  sublimes  at  a  lower  temperature.  It  is  thus,  no  doubt,  that 
•certain  inorganic  crystalline  residues  found  in  blast-furnaces  originate — 
sublimation  being  facilitated  by  the  presence  of  other  vapours  and  gases. 

Dr.  Manross,  in  fusing  amorphous  [cerium]  wolframate  with  sodium  and 
potassium  chlorides  in  a  porcelain  crucible  at  a  temperature  of  1,400^  Gent. 
•(2,552®  Fahr.)  had  noticed  that  a  portion  of  the  "  cerium  wolframate  '*  thus 
artificially  reproduced  had  sublimed  in  beautiful  crystals  on  the  crucible- 
cover,  and  also  on  the  outside  at  those  points  where  the  chloridic  vapours 
had  escaped.  This  led  to  further  experiments  on  the  volatilization  of  sub- 
stances in  the  presence  of  sodium-  and  potassium-chloride  vapour,  for  which 
purpose  the  author  used  an  electric  furnace  patented  by  Dr.  C.  A.  Timme. 
JBy  measurement  with  a  Le  Chatelier  pyrometer  it  was  ascertained  that  the 
highest  temperature  attainable  in  this  furnace  is  1,500°  Cent.  (2,732°  Fahr.): 
its  principal  advantage  is  that  the  reducing-action  of  flame-gases,  etc.,  is 
■completely  excluded. 

The  following  were  the  substances  experimented  with: — Cerium  wol- 
framate and  molybdcnate,  didymium,  lanthanum,  calcium  and  lead 
wolframate  and  molybdenate,  barium  sulphate,  and  mixtures  of  the  fore- 
going salts.  Platinum-crucibles  were  used  in  some  cases,  porcelain-crucibles 
in  others,  and  tubes  closed  at  one  end  in  yet  others.  At  a  temperature  of 
about  2,552°  Fahr.,  the  potassium  and  sodium  chlorides  with  which  the 
wolframate  or'  molybdenate  was  mixed  vaporized  abundantly,  and  sparkling 
•crystals  of  the  wolframate,  etc.,  sublimed  on  the  cover  of  the  crucible  or 
on  the  walls  of  the  tube.  Thus  too  were  obtained  crystals  of  barium 
-sulphate  and  cerium  wolframate  combined,  and  also  of  pure  barium  sulphate. 
Without  the  presence  of  the  chloridic  vapours,  it  would  be  impossible  to 
•obtain  crystals  of  these  salts  by  sublimation. 

The  door  is  thus  opened  to  further  experimentation  with  many  other 
mineral  substances,  and  in  this  way  light  may  be  thrown  on  the  genesis  of 
many  ore-deposits.  Thus,  for  instance,  the  fact  that  scheelite  may  originate 
"by  sublimation  tends  to  support  Prof.  Daubree's  hypothesis  as  to  the  genesis 
'of  zinc-ore  deposits.  L.  L.  B. 


SECULAR  VARIATION  OF  THE  EARTH'S  MAGNETISM. 
■Stir  Its  VaHatioiiM  x^adaireA  dn  MagiUti&me  Ten^e-tfre.     By  V.  Raulin.     Coinptes- 
rendu-t  hefxjhmadaire.^  den  Stances  dt  I'AccuUmit  des  Sciences^  1901,   vol, 
cxxxiii. ,  page^i  760-763. 
The   author    refers   to   a   former   paper   of   his,    published    by    the   Paris 
Academy  in  1866,   wherein  he  concluded  that  the  hypothesis  of  a  rotation 
of  the  magnetic  north  pole  around  the  earth's  pole  in  latitude  70  degrees, 
-explained  and  co-ordinated  all  the  facts  so  far  observed  in  this  connexion, 
in  Europe  and  in  the  Atlantic  basin.     The  rotation  would  last  600  years- 
He  points  out  that  the  observations  which   have  been  accumulated,   during 
the  35  years  that  have  elapsed  since  his  former  paper,  have  fortified  and  con- 
firmed his  conclusions. 
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Declination  at  Paris  increased  from  1664  to  1814,  decreased  from  1814 
to  1866,  and  will  go  on  decreasing  {tx  hypothesi)  till  1964.  Then  it  would 
begin  increasing  again  until  2114,  decreasing  thereafter  till  it  returned  to 
0^  in  2264.  The  decrease  of  declination  has  been  just  as  regular  since  1814 
as  was  the  increase  in  the  78  years  preceding;  and  there  is  every  reason  to 
believe  that  the  phenomenon  will  continue  with  the  same  regularity  till  the 
zero-point  is  reached  in  1964.  The  present  position  of  the  magnetic  north 
pole  should  be,  according  to  the  author,  in  longitude  141  degrees  7  minutes 
west  [of  Paris],  somewhere  beyond  the  mouth  of  the  Mackenzie  river. 

Inclination  has  been  decreasing  for  230  years  (since  1671)  and  it  appears 
reasonable  to  assume  that  this  will  continue  at  least  till  1964,  thus  com- 
pleting a  single  decrescent  phase  of  300  years,  parallel  and  simultaneous 
with  the  two  phases  (crescent  and  decrescent)  of  declination. 

These  phenomena  are  explicable,  in  the  author's  opinion,  on  the 
hypothesis  of  the  existence  of  a  fusiform  magnetic  body,  probably  ferru- 
ginous, the  two  extremities  of  which  coincide  with  the  earth's  magnetic 
poles.  The  westerly  displacement  of  the  whole  superficial  magnetic  system 
of  the  globe  is  explained,  if  we  admit  that  this  fusiform  body  and  the 
liquid  kernel  of  the  earth  travel  less  rapidly  than  the  solid  outer  crust, 
in  the  diurnal  east-to-west  rotation,  by  an  amount  equal  to  ^^^  of  the  velocity 
of  that  crust  at  all  latitudes.  L.  L.  B. 


TERRESTRIAL  MAGNETIC   PULSATIONS. 

Pu/MfifioiiM  d*>  la  Force  MatjnHiqm  TerrcMtr*'.     By  W.  van  Bemmelen.      Archir** 

X^^rlandniAc^  df^  Scienrex  exactcn  it  luihtreNtJ*,  1901,  stneM  2,  ixtf.  H.^patj*^* 

382  384. 

In   studying   tlio   magnetograma   of  Batavia   the   author  noticed   series  ot 

pulsations    of    the    horizontal    component,    evidently    not    due    to    solar    di.— 

turbancoK,  since  they  occurred  for  the  most  part  during  periods  of  magnetic 

calm.     They   took   place   during   the   night,    and   their   amplitude   was   about 

rojKio    "^    ^^^^    horizontal    component.        The    result    of    three    year**    study 

demonstrates  tliat  the   mean    period  of  these  pulsations  is  subject   to   annual 

variations,  irom  a  minimum  at  the  beginning  of  a  year  to  a  maximum  in  the 

middle    of    a    year.        Observations    simultaneously    made    at    Zikawei,    near 

Shanghai,  revealed  series  of  magnetic  pulsations,  corresponding  in  amplitude 

and     time     with     those     recorded     at     Batavia.     though     on     the     whole     tht 

phenomenon  is  of  less  frecjuent  occurrence  at   the  former  place.     Other  ohsiT- 

vations.   carried   out   at   Karang   Sago.    Sumatra,   show   a   similar   parallcli'*n 

As   to    the    immediate   cause    of   such    pulsations,    it    is    pointed    out    that 

during  solar  perturbations,  circular  electric  currents  are  developed   in   great 

numlMT  in  the  earth's  atmosphere,   inducing  polar  auroras.     The  nearer  c»n« 

approaches    the   zone   of  greatest    auroral    frequency,    the    more    irregular  art* 

these    currents;     but    in    China    and    the    Malay    Archipelago    they    are    nn»n" 

regular,     lu    studying    what    he    has   termed    **  magiu»tic    post-turhation  "   tht 

author    has    satisfied    himself    that    there    is    a    system    of    electric    currtMit*. 

travelling  round  the  globe,  parallel  with  the  "  isochasms  "  or  curves  of  equa! 

auroral    fretjuency.      It   does  not   seem   unlikely   that    the   magnetic   pulKation* 

arc  caused  by  small  and  rapid  periodic  fluctuations  in  the  aforesaid  current* 

and  that   ^\\v\\  fluctuations  are  of  terrestrial   origin.     They  are   perhaps  corr.- 

parable  uith  the  undulations  of  a  fluid  surface,  which  is  being  suhjwted  t«  • 

continuous   disturbance  at   a   particular  point.  L.  L.  B. 
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MAGNETIC  ANOMALIES  OBSERVED  IN  FRANCE. 

wStir  la  Distribution  Riguliert   de  la   D^iiiaison  tt  de  l*Inclinai«m   mwjnHiqntM 

eii  France  au  1^  Jamier,  1896.     By  E.  Mathias.     Archives  Nierlandaista 

des  Sciences  exactes  et  naturdleSy  1901,  series  2,  vol,  ri.,  pages  412-429;  and 

Camptes-rendns  hebdomadaires  des  Stances  de  VAcail^mit  des  Science^,  1901, 

vol.  cxx.ciii,y  pages  864-867. 

The  author  had   previously  shown   that  the  linear  formula  which   gives, 

in  functions  of  the  geographical  latitude  and  longitude,  the  law  of  regular 

distribution   of   the   horizontal   component    for    the    region    of   Toulouse,    is 

applicable  to  the   whole  of   France. 

He  tabulates  the  results  obtained  (for  declination)  by  means  of  a  similar 
formula  in  11  departments  showing  perfect  regularity,  and  in  17  other 
•departments  showing  on  an  average  only  one  anomaly  (with  5  or  6  observing- 
stations  in  each  department).  All  the  other  departments  (say  61)  show 
variable  proportions  of  regular  and  anomalous  stations.  On  the  whole,  the 
measurements  of  magnetic  declination  at  more  than  300  stations  in  France 
and  Corsica  yield  differences  of  less  than  3  minutes  5  seconds,  and  it  is 
evident  that  declination,  although  strongly  influenced  by  local  causes,  even 
where  the  superficial  strata  of  the  earth's  crust  are  not  at  all  magnetic, 
conforms  to  a  law  of  regular  distribution  just  as  much  as  the  horizontal 
component  does. 

The  author  then  attempted  to  trace  the  law  of  distribution  of  magnetic 
inclination.  Here,  by  means  of  formulae  of  the  same  order  as  that  above 
mentioned,  he  found  462  stations  yielding  differences  of  less  than  4  minutes. 
(In  16  departments  there  was  no  anomaly,  in  17  only  one.) 

The  final  conclusion  is  that,  for  all  the  magnetic  elements,  only  two 
departments  are  perfectly  regular,  namely,  Ain  and  Hautes  Alpes.  The  Loir- 
•et-Cher,  Mayenne  and  Sarthe,  and  also  the  Is^re,  are  perfectly  regular  as 
regards  the  horizontal  component  and  inclination,  but  anomalous  as  regards 
•declination.  In  these  cases  it  is  argued  that  the  irregularities  of  declina- 
tion depend  far  more  on  the  structure,  than  on  the  nature,  of  the  underlying 
rocks.  The  structure  indeed  becomes  an  important  factor,  if  we  suppose 
that  a  part  of  the  earth's  magnetic  field  is  due  to  telluric  currents  flowing 
in  the  neighbourhood  of  the  earth's  surface.  It  is  then  easy  to  account  for 
the  perfect  regularity  of  the  magnetic  vector  as  contrasted  with  the 
anomalies  of  declination.  L.  L.  B. 


MAGNETIC     DISTURBANCE     OBSERVED      AT     ATHENS. 

Sur  une  Perturbation  niagn^tique,  observe  d  Athines  le  8  Mai,   1902.      By  D. 

Eoi^rris.      Comptes-rendus  hebdomadaires  des  S6anc.es  de  VAcadHnie  des 

Sciences,  1932,  tH>l,  cxxxiv.,piges  1425-1426. 

On  May  8th,  1902,  from  1*35  a.m.  until  9*30  a.m.,  at  the  very  time  of 

the  destruction  of  St.   Pierre  in  Martinique,   a   magnetic   disturbance   was 

recorded  by  the  instruments  set  up  in  the  Athens  observatory. 

It  affected  chiefly  the  horizontal  component,  the  declination  rather  less, 
4ind  the  vertical  component  scarcely  at  all.  The  same  phenomenon  was 
observed   simultaneously   in   Paris. 

The  author  argues  that  if  this  perturbation  was  in  fact  on©  of  the  effects 
of  the  eruption  of  the  Montague  Pel6e,  the  originating  cause  must  have  been 
exclusively  magnetic  or  electric,  and  did  not  consist  in  the  mechanical  trans- 
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mission  of  the  earth-shocks  which  doubtless  accompanied  that  great  eruption. 
For  the  Agamennone  seismograph  at  the  Athens  observatory  remained 
absolutely  motionless  at  that  time,  and  yet  it  is  an  instrument  which  mar 
be  relied  upon  to  record  clearly  even  very  feeble  shocks.  L.  L.  B. 


PLUMBING  DEEP  SHAFTS. 

(1)  Pliunbiiuj  Dttp  ShaJU  of  the  Tamarack  Mint,     By  H.  M.  Lane.     MiutM  and 
MintralM,  1902,  ro/,  xjcii.f  pcujtn  247-248,  with  3  iUnstratioiut  in  the  text. 
The  No.  5  shaft  of  the  Tamarack  mine  is  the  deepest  shaft  in  the  world, 
its  depth   being  4,938  feet.     It  was  deeired  to  connect  this  shaft   with  the 
workings  from    the   No.   2  shafts   and   a  new   survey   was  taken   down   both 
shafts.     The  shafts  are  3,200  feet  apart,  and  the  proposed  connecting  tunnel 
starts  at  a  point  in  No.  5  shaft  situated  4,250  feet  below  the  surface.    He 
plumbing  of  No.  5  shaft  was  proceeded  with,   and   No.  24  piano   wire   was 
used  for  the  plumb-lines.     The  wires  were  lowered  by  a  small  engine,  being 
weighted  at  their  lower  ends  by  wooden  frames,  or  balloons,   each   10  feet 
long,  2^  feet  in  diameter,  and  20  pounds  in  weight.     In  the  centre  of  each 
balloon  a  lantern  was  hung,  so  that  the  progress  of  the  balloon  could  be 
watched  from   above  and  below.       For  obvious  reasons,   the   balloons  were 
lowered   as    nearly   as   possible   in    the    centres   of   the   shaft-compartments; 
but  once  lowered,  it  was  desirable  to  place  the  plumb-lines  as  far  apart  as 
possible;    8   pounds   plummets   were   substituted   for   the    balloons,    and   the 
distance  between  the  lines  at  the  surface  was  increased  to  17*58  feet.    The 
8  pounds   plummets   were  then   replaced   by  plummets   of  50  pounds,   when 
to  everybody's  surprise,  the  lines  stretched  a  distance  of  15  feet.     The  wires 
were  then  cut  to  the  proper  length,   and   the   plummets   were   immersed  in 
pails  of  engine-oil   in  order  to  minimize   vibration.     Here,   again   the   unex- 
pected happened,  for  the  wires  immediately  shortened  up  25  inches,  owing 
to  the  buoyancy  of  the  oil  diminishing  the  effective  weight  of  the  plummets. 
But  the  greatest  surprise  occurred   when   it    was   found   that  the   spacing  of 
the   plumb-lines   was  007  foot  or  084   inch    greater  at    their  lower   than   at 
their  upper  ends.     MeaHurements  alwve  and  below  were  re-made  and  verified, 
and  the  wires  were  examined  tliroughont  the  whole  length  of  the  shaft,  hut 
nothing  was  discovered   that   could   in    any   way   account    for  the   divergence. 
At  No.  2  sliaft,   practically   the  same  conditions   were   found,  but    the  diver- 
gence ot   the   lines   was  even  gr«'ater.   the  spacing  at   the   lower  ends   in  this 
case   being  01  foot  or  12  inches  greater  than  at   tlie  upper  ends.     The  sub- 
stitution  ot    leaden   for  cast-iron    pluniniets   had    no   effect   on    the   divergenct . 
showing   that    magnetic   attraction   was   not   tlie   causo   of   it.      Nt>   satista*  ton 
explanation  of  the  occurrence  appears  to  be  as  yet   tortli(M»niing, 
(2)    77*'    IHr^nftuif  (>f  l(/U[i  PInmhIiiuM  fit  th*    Tnmmnik    Miio.        liif  VlLOY,    F.    \V. 
McNaIR.       77<'    Emjinn r'nuj  ami   Minimj  JourncU   [X*  tr    YihI]^    1902,    f^J. 
/.r.riii.y  /ffnj*"*  578-580,  irifh  2  i/fasfrfifiou"  in  the  ft.rf. 
Possible  causes  of  the  divergences  have  been  offered  and  freely  discussed. 
It   N\a>  contended   that   the   divergence   was   due   to  the  greater  attraction   of 
the  material   at    the   end   of  the  shaft    for   the   plunnnet    hanging   nearest    it. 
There  >»eeins  to  be  a  general  lack  of  appreciation  of  the  forces  of  gravitation. 
It  is.  ot  course,  true  that  the  attractions  on  each  plummet  towards  the  end* 
of  the  shaft  differ,  the  stronger  being  toward   the  end  nearest  to  which  th«- 
plunnnet    hangs.     It    is  also  true  that    these   differences  tend   to  diverge   thi* 
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wirc'eii,  but  the  amutintfi  ate  ^o  in  significant  ob  to  put  tbem  quite  out  of  von- 
sideT&tiou.  Another  fxphiuatiou  worth  iiotite  was  offered  by  Prof.  Hiilh>ck. 
ot  CalumMa  University.  Tbi«  was  that  of  mutual  repiilaiou  between  like 
poles  at  the  lower  eJttremitieB  of  the  wires.  It  was  subsequently  modified, 
00  as  to  Jiielude  also  repulsion  between  like  eona^uent  poles  distributed 
aloug  the  wrrcs.  However,  the  mftnagement  of  the  Tamarack  miue,  with  its 
characteristic  lute  rest  in  scientitjc  matters,  granted  the  writer  permission 
to  earry  on  further  experiments  in  the  shafts.  These  experimentB  are  fully 
de&eribed  by  the  writer*  and  the  results  seem  to  afford  ample  proof  that 
neither  gravitation  nor  magnetism  eould  aeeount  for  the  divergence  of  the 
lilies. 

On  the  contrary,  the  writer  became  convinced  that  a  very  simple  canse  lay 
at  the  bottom  of  the  divergenee  which  attracted  so  Juuch  attention.  One  or 
both  wires  were  deflected  by  the  air-currenta  circulating  in  the  shaft.  This 
miggestion  of  air-currents  was  early  made^  but  was  at  first  treated  with  scant 
court esy  becanse  it  did  not  seem  probable  that  such  currents  could  be  steady 
enough  in  speed  and  direction  to  permit  the  conKtaiicy  of  mean  position  which 
had  been  observed.  But  the  hypothesis  once  admitted,  it  accounted  for  all  the 
phenomena  observed.  Experimenta  showed  that  the  divergence  increased 
when  the  ventilation  was  augmented-  The  divergence  diminished  when 
wires  of  smaller  section  were  used,  that  is  to  say,  when  the  area  of  impact 
wa^  diminished^  and  a  thinner  peneil  of  air  collided  with  the  wire.  In  No.  5 
shaft,  under  normal  conditions  of  rentilation,  the  divergence  varied  from 
0"07  to  O'll  foot.  The  top  of  the  shaft  was  then  enclosed,  but  it  was  found 
impracticable  to  stop  entirely  the  cirenlation  of  the  air.  But  the  redticed 
circulation  of  the  air  reduced  the  divergence  to  0  018  foot.  Again,  in  No.  2' 
shaft,  which  is  a  downcast,  the  plumb-lines  diverged  as  in  No.  5  shaft, 
while  plumb-lines  hung  down  No,  4  shaft,  which  is  an  upcast,  converged  in 
four  experiments,  the  fifth  showing  a  slight  divergence  of  0'004  foot. 

The  writer  concludes  by  saying  that  it  is  remarkable  that  the  air- 
currents  should  be  so  constant  in  their  action.  But  the  experiinents  have 
shown  that  the  engineer  w^ho  has  to  plumb  a  deep  shaft  has  great  diMculties 
to  overcome,  with  regard  to  the  influence  of  the  air-currents  on  his  lines. 
Before  deciding  where  to  bang  his  lines,  and  in  order  to  estimate  the  depend- 
ence to  be  placed  on  them  when  hung,  he  should  study  the  ahaft  air-currents 
very  intently.  X.  Y.  Z. 


GOLD-MIKING      IN     HUNGARY, 

Afi^tfdt,  1S99,  /io^M  97' 10^^  uifh  1  /^ftirc  in  the  te^rf. 

In  the  Korna  valley,  the  Carpathian  Sandstones  and  the  underlying 
Jurassic  limestones  are  the  predominant  rocks,  but  at  some  points  they  are 
interrupted  b^*^  andeaites^  daeitefl  and  volcanic  breccias.  Mining  industry 
flourished  formerly  in  the  upper  part  of  the  valley,  but  at  present  there  is 
only  one  mine  at  work,  the  Valea  Verde,  The  nature  of  the  rocks  doe-t 
not  appear  to  affect  the  metalliferous  occurrences,  aR  mines  have  been 
opened  up  indifferently  in  the  igneoua  masses  and  in  the  sedimentary  strata. 

In  the  Bncaum  valley,  the  Concordia  mine  works  pillars  of  ore,  associated" 
with   a  conglomerate   which   is  interbedded   with   sandstone.     Workings   are 
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pushed  down  to  a  depth  of  280  feet  from  the  surface,  and  the  richest  points 
are  at  the  intersection  of  vertical  with  flat  fissures.  Native  gold,  in  the 
free  state,  occurs  in  considerable  quantity  at  such  intersections.  The  infilling^ 
'of  the  fissures  here  is  calcspar  and  the  country-rock  is  a  siliceous  breccia, 
believed  to  be  of  contact-metnmorphic  origin,  resting  upon  slates:  it  too 
•appears  to  be  impregnated  with  gold.  The  author  believes  that  gold-bearing 
rocks  extend  over  a  much  larger  area  than  that  at  present  worked  by  the 
Concordia  Company,  and  points  to  the  fact  that  neighbouring  mines  are 
now  also  at  work  on  flat  auriferous  fissures. 

The  core  of  the  Korabia  and  Konczu  range  is  made  up  of  dacites  and 
andesites,  which  in  former  ages  burst  through  the  Carpathian  Sandstone 
Series.  The  fissure-veins  in  the  eruptive  rocks  strike  parallel  with  the 
mountain-range,  and  are  equally  productive  in  the  (older)  dacite  and  the 
(younger)  andesite.  Taken  as  a  whole,  the  Botes-Yulkoi-Korabia  ore- 
deposits  are  without  doubt  genetically  connected  with  the  famous  Veres- 
patak  ore-deposit  which  seems  to  be  their  northward  prolongation. 

Cursorily  glancing  at  the  Arama  mine,  the  author  describes  more  at 
length  the  Botes  mine,  worked  by  an  adit  in  the  hill  of  the  same  name. 
Here  the  auriferous  belt,  dipping  northward  some  20  to  30  degrees,  is  over- 
lain by  Carpathian  Sandstone  and  underlain  by  shales.  Instead  of  the 
pillar-like  occurrences  previously  described,  the  ore-body  here  is  more  of  the 
nature  of  a  bedded  mass  300  feet  thick.  The  flat  fissures,  containing  native 
.  gold  in  the  free  state,  course  parallel  to  the  bedding-planes.  The  shales  are 
absolutely  barren,  here  as  well  as  in  the  Korabia  and  Yulkoi  mines.  Hie 
Bucsum-Pojen  and  Yalca-Csurtului  mines  are  opened  up  in  the  eruptive 
dacites,  and  what  was  said  of  the  Korna  valley  seems  to  hold  good  of  the 
whole  region  traversed  by  the  author,  namely,  the  auriferous  fissurt^s  are 
characteristic  alike  of  the  eruptive  rooks  and  the  sedimentary  sandstones. 

L.  L.  H. 


THK  ALS6-(JALLA   AND  BANHIDA   BROWN  COAL-MINES,   HrN(;ARY. 

D*  r  Al^t>(!(illn-B(iiihidatr  /iranuko/i/tvhtnjhau  iltr  Un(janHch*n  All[frm^in*  n  St*  in 
koh/(nlMr<jf»<iu-fj(sit/.srh(i/t.       liy  Ludwk;    Litsc!H.\UBB.       Ht^nj-   umi    Hutf^u- 
inannUch*'*  Jnhrlnirli  iter  k.  k.    BtrgnkcultmUn  zu  Lfolttn  nufi  Prihrrim  uh*1 
d*r  hnivjlich    CuijariMch  n   Henjakxul'mit  zu  SrhrmuifZt   1902,    t'o/.    /.,  jkvj** 
351-418,  «//J  3 />/a/rs. 
These    mines    l)elong,    as    indeed    do    many    others    in    Hungary,    to    tho 
Ilungarian  Universal  Coal-mining  Company,  u  powerful  organization   which, 
founded    as    recently    as    1889,    has    extended    of    late    years    enormously    its 
sphere  of  operations. 

The  deposits  lie  in  a  >»asin,  bounded  on  the  south-east,  east  and  nurth- 
raM  by  the  Vertes  hills  (1,4(K)  feet  above  sea-level),  flattening  westward 
down  towards  the  Danube,  and  narrowing  south-westward  into  the  Mely- 
ar(»k  or  deep  gorge.  The  Danube  hereabouts  is  3.")?  tcct  above  H»*a-lrvel. 
while  Banhida  lies  145  feet  higher,  and  Also-Cialla  and  rels4>-(falla  are 
situated   at  altitudes  of  respectively   522   and   (i(>2  feet. 

The  Tata  Videk  (Alrto-(ialla.  etc.)  conccHsion  stretihcs  alongside  tli«'  -»tjte 
railway-line,  sonie  45  miles  distant  from  Budapest  and  119  miles  di<>tjnt 
from  Vienna,  a  very  advantageous  |:osition  in  regard  to  the  Au«tr«>- 
Hungarian  coal-markets.      It   fovcrs  an  area  of  about   935  acres. 

Proiceding    to    ctnisidcr    the    geology    of    the    so-called    "  Tata    eoal-held.  ' 
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^hkh  includeB  the  tlir<?«  priiicipal  localitiM  above  mentioned,  the  author 
pointa  out  that  the  literature  of  the  subject  is  very  mpag-jfi?.  It  app^^ara 
probable  that  thia  coal-field  ia  a  cotitinuation  of  that  of  Gran  (Efiztcrgom), 
aJid  is  po^iBibly  also  to  be  correlated  with  the  coal-basin  of  Pilis-St,  Tt«Ii]. 
^Ite  bagement-rocki  of  the  ivhole  area  An*  Trioiisic  doloiriitc»  and  RhMic  and 
Lia&sie  limestones.  Overlying  these  iire  Lower  Eocene  freshwater  beds  with 
coal-^'ams,  succeeded  by  a  bniekiali- water,  utid  that  in  turn  by  a  marine 
facies;  neit  come  Oligoceiit*  beds,  in  part  also  coal-bearing,  and  the  whole 
complttx  is  mantled  over  by  a^olian  drift  or  loess. 

The  ctjal  is  of  exeellent  ijuulity  for  a  brown  ooal,  and  its  ealorifie  value 
nearly  approaehes  that  of  ordinary  (black)  coaL  It  is  pitch-blaek,  with 
m  conehoidal  fracture  and  a  g'ruasy  lustre^  but  crumbles  too  eaaily  to  fumiab 
much  round  coal,  A  series  of  analyses,  made  dnrinff  the  yeara  1897,  1899 
and  1900,  yielded  the  following  averages: — Combined  water,  12  per  cent.; 
«ih,  7"5  per  cent,;  sulphur*  1-3  per  eent*  The  heating  power  was  3>WX)  to 
-6,000  calories.  In  making  briquctte-fucl  from  tbiii,  petroleum-residues  are 
uaed  as  a  binding^niaterial. 

Coal  is  wound  from  three  shafts,  a  fourtb  is  in  proeesg  of  sinking,  and 
there  arc  also  opencast  workings.  The  average  thickness  of  the  seum  ia 
B.\  feet,  but  this  apparently  includes  some  shaly  partings.  It  is  estimated 
that  there  are  at  least  72*00£J,>XK)  tons  of  coal  in  sight,  though  it  is  expected 
that  further  exploration-work  wnll  show  the  true  coal-reserve  to  Ije  far 
Ifreater  than  this.  Previous  to  1B97»  only  one  shaft  had  been  sunk  in  this 
<-€iaI-field.  Kow,  there  is  a  central  station  fumiahing  electricity  for  trans- 
mission of  power  and  for  lighting  to  the  three  principal  pits,  endless-rope 
haulage  is  used  on  the  inclined  planes,  etc,  and  the  coal  is  loaded  diriiel 
from  the  central  picking-acreena  into  railway-wagous  by  which  it  la  con- 
veyed to  the  Banhida  station  of  the  Hungarian  State  Railway.  Opencast 
workings  were  only  seriously  started  in  1901  r  here,  traces  of  Roman  build- 
ings and  grareB  were  discovered,  but  no  signs  w^batever  of  ancient  mining 
operations  of  any  kind. 

For  ahot-firing,  progressite  is  the  explosive  used,  with  electric  detonators* 
For  ventilation  of  the  pita  Feker  fans  have  been  chosen,  whieh  pass  S8,275 
ciubic  feet  of  air  per  minnte  into  the  workings.  Moreover,  Mnnk  and 
Capell  reserve-fane  have  been  erected.  As  the  mines  are  tiery.  Wolf  benzine 
safety-lamps  are  used  at  the  working- face,  but  the  winding-shafts.  Inclined 
planes,  etc,,  are  lighted  (as  above  mentioned)  bj  electricity.  The  author 
-enters  into  great  detail  regarding  workmen  *s  dwellings,  clubs,  schools  and 
wages,  and  describes  very  fully  the  methods  of  w^orking  and  the  machinery 
in  use  at  these  collieries.  L,  L,  B. 


THE  PETROLEUM-INDUSTRY  OF  AUSTRIA-HUNGARY. 

JHt  Erdol-imbtMrit.  in  Ot^MerrtAch-Ungar^K      My  Edpard  Wikdakieweck,     Berg- 

ntjd   HUfff't*m^iiiti4e.h<e4  Jahrhttf^h   dtr  k*  k.    Btryakadf.mi^n  zu  Leohen  und 

Pf-iham  ftnd  d^ir  yfnhjfkh  Ungari^chen  Ber^fakadtmie  zii  Schemnttz,  1001, 

irol.  xiix.f  ;jrti/f4  17' I  CM,  mfh  8  %wre.^  in  iht  ftj:t,  and  2  jdaifn. 

This  elaborate  memoir  is  divided  into  thirteen  chapters,  the  first  of  whieh 

IB  devoted  to  a  brief  history  of  the  riae  and  progress  of  the  oil-indiiatry  in 

the  various  territories  of  the  Austrian  Empire.     Galicia  saw  its  birth  between 

1810  and   1817,  btit  the  true  beginning  of  it  on  a  scale  of  any  commercial 

importance   dates   from    about   1859.     It   has   been   revived    recently   in    the 

VOL.  tin.™it»T«j3.  m 
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Bukowina,  and  is  making  steady  progress  in  Hungary.  Despite  the  severity 
of  American  and  Russian  competition,  Galician.  petroleum  still  holds  it» 
own,  in  the  home-market  at  least. 

Turning  then  to  the  geology  of  the  subject,  the  author  remarks  that  the 
structure  of  the  Galician  Carpathians  constitutes  a  very  thorny  and  com- 
plicated problem,  which  has  been  studied  by  a  long  succession  of  eminent 
scientific  men,  but  no  solution  as  yet  proposed  has  been  accepted  unani- 
mously as  satisfactory.  The  Government  geological-survey  map  of  the 
petroleum-region  of  the  Carpathians  is  now  out  of  date;  the  geological  atU» 
of  Galicia  begun  in  1888  by  the  Provincial  Government  and  the  Cracow 
Academy  of  Sciences  is  not  yet  completed,  and  is  moreover  too  full  of  local 
detail  to  facilitate  a  general  view  of  the  subject.  Prof.  Zuber,  of  Lemberg. 
however,  has  recently  issued  a  most  valuable  map  of  the  petroleum-region 
of  Galicia,  with  explanations. 

The  petroleum  of  that  province  is  intimately  associated  with  the 
Carpathian  Sandstone  Series,  a  succession  of  alternating  sandstones,  con- 
glomerates, shales,  clays  and  marls.  The  want  of  characteristic  fossils  has 
long  been  a  stumbling-block  in  the  path  of  classification,  but  it  is  now- 
pretty  well  ascertained  that  this  series  belongs  in  part  to  the  Cretaceous, 
and  in  part  to  the  Tertiary  system.  The  various  strata  among  which 
petroleum  is  most  frequently  found  in  Galicia  are  described,  and  the 
structural  difference  between  the  Carpathians  of  the  western  and  those  of 
the  eastern  district  is  emphasized.  Thus,  we«t  of  Stwiaz  and  San,  the 
mountain-ranges  are  comparatively  short,  and  consist  mainly  of  uplifted  and 
irregularly-contorted  Oligocene  and  Eocene  beds,  among  which  now  and  then 
crop  up  (unconformably  or  pseudoconformably)  the  broken  and  dis- 
turbed Ropinnka  bods,  of  Cretaceous  age.  Eastward  this  unconformity  die^ 
out,  and  all  the  strata  from  tiie  Ropianka  beds  up  to  the  Oligocene.  lollow 
each  other  iu  conformable  and  parallel  succession,  forming  a  Hcries  of 
regular  folds  often  interrupted  by  longitudinal  faults.  Practical  experiencv 
haw  proved  that  petroleum  occurs  in  greatest  abundance  where  the  «itrata 
arc  folded  into  saddles,  and  further  that  it  occurs  only  in  certain  definite 
groups   of    beds. 

The  reservoirs  of  natural  oU  in  the  Cretaceous  Ropianka  l>ed«  are  not  ot 
very  considerable  extent  :  in  Western  Galicia  the  Wst  hK'ulities  are  thi*^" 
where  there  is  a  cover  of  impervious  Eocene  clays  and  shales.  The  limit* 
of  the  rich  Eocene  oil-belt  in  the  Eastern  Carpathians  are  determined  by  th« 
outcrop  of  the  Jamna  Sandstone  (Cretaceous).  In  the  Oligocene  beds  tmly 
those  occurrences  of  petroleum  arc  of  industrial  value,  where  the  strata  forn. 
broad,  Hattish,  regular  saddles.  Where  traces  of  oil  are  discovered  in 
sadcHes  of  menilite-shale,  there  is  always  a  prospect  of  striking  the  nchor 
oil-reservoirs  of  the  underlying  Eocene  by  means  of  deep  l>orings. 

There  appears  also  to  be  a  great  accumulation  of  |H^tro]eum  and  ozokt^rite 
amoiifi;  the  saildb-s  of  the  MicH-ene  saliferous  clays.  .V  general  rule  i» 
stated  for  all  petroleum-deposits  in  the  Carpathians,  namely,  that  the  !»«»ut}:- 
westerii  sid<'  of  the  outcrops  is  more  regularly  bedded,  and  theref<»re  ea*i»T 
to   \\i)rk.    than   the   usually   dislocated   and   sunken    north-western   side. 

In  the  Hukowina.  the  oil-belt  rang<'s  north-uest  and  south-east  in  rn- 
lonpation  of  the  (ialician  oil-region,  and  is  traced  along  three  parallel  hin* 
The  (entral  or  second  line  is  the  richest,  it  yields  oil  (comparable  with  th^t 
«»!  (J.iliiia)  o<'etirring  in  the  Oligo<ene  ])orti<ui  of  the  Carpathian  S;ii:d*?  >n« 
.*^.ri«.,.      Not    mu(lj   has  \n'vu  done.   >•  >  lar.   in   tlie   way  of  putting  down   >».rt- 
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holes  or  trial-shafts  in  the  Bukowina^  but  a  French  company  is  said  to 
have  started  operations  recently. 

In  Moravia,  petroleum  has  been  found  at  a  few  localities,  most  recently 
of  all  at  Goding.  It  occurs  in  beds  which  are  correlated  with  the  Miocene 
saliferous  clays  of  Boryslaw. 

Although  petroleum  has  been  found  at  several  localities  in  Northern  and 
Southern  Hungary  and  Croatia,  an  oil-field  comparable  with  the  Galician 
is  not  to  be  looked  for,  so  far  as  extent  is  concerned;  but  in  regard  to 
quality,  the  petroleum  seems  likely  to  prove  equal  to  the  best  that  is  got 
in  Galicia.  As  in  that  province,  it  occurs  alike  in  strata  of  Cretaceous, 
Eocene,  Oligocene  and  Miocene  age. 

Natural  gas  is  of  frequent  occurrence  in  the  strata  overlying  the 
petroleum-deposits,  and  is  used  at  many  localities  for  purposes  of  illumina- 
tion. The  author  publishes  the  following  percentage-analysis  of  the  gas 
which  burst  forth  at  a  pressure  of  20  atmospheres  from  the  Turoszdwka 
boring,  Krosno  district: — Carbon  dioxide  0*4,  oxygen  0-6,  ethylene  1*1, 
methane  82-3  and  nitrogen  14*4. 

Brine  occurs  in  association  with  the  petroleum  in  several  localities,  but 
as  a  rule  in  very  small  proportions. 

The  sixth  chapter  describes  the  physical  and  chemical  characters  of 
petroleum,  and  contains  a  very  full  comparative  table  giving  the  results 
of  the  distillation  and  fractionation  of  the  crude  oils  of  Galicia,  Sumatra, 
Baku,  Alsace  and  Pennsylvania. 

The  seventh  chapter  deals  with  the  methods  of  winning,  which  have 
undergone  a  great  change  within  the  last  15  years,  owing  to  the  introduc- 
tion of  Canadian  derricks  and  simpler  pumping-plant.  The  various  derricks 
and  boring  apparatus  now  in  use  are  described  and  figured.  In  1897,  there 
were  571  shafts  and  2,223  boreholes  in  the  Galician  oil-field;  of  these^ 
26  shafts  and  1,263  bore-holes  were  yielding  oil,  and  21  shafts  and  264  bore- 
holes were  in  process  of  sinking.  There  were  65  mineral-oil  refineries  in 
Austria  and  16  in  Hungary. 

According  to  the  Galician  Naphtha  Act  of  1884,  petroleum,  ozokerite 
and  bitumen  are  the  property  of  the  landowner  on  whose  estate  they  occur. 
He  may  divest  himself  [in  favour  of  others]  of  the  right  to  win  these  pro- 
ducts, a  declaration  being  made  before  the  mining  authority,  and  the 
property  being  then  entered  as  a  naphtha-field  in  the  official  register.  If 
the  workings  are  continuously  neglected  in  such  wise  as  to  be  prejudicial 
to  the  common  weal  and  common  safety,  the  authorities  may  lay  an 
embargo  on  the  field,  estimate  its  value,  and  sell  it  by  auction.  Such  works 
as  are  necessary  for  the  safety  of  mining  operations  may  be  extended  even 
into  neighbouring  properties,  with  the  obligation  to  make  good  any  damage 
caused  thereby.  The  authorities  must  receive  four  weeks'  notice  of  the 
commencement  of  operations,  and  these  can  only  be  conducted  by  persons 
of  certified  capacity,  duly  confirmed  by  the  authorities. 

Statistics  of  output  are  given,  whereby  it  is  seen  that  Austria-Hungary 
in  1897  produced  about  2  per  cent,  of  the  total  amount  of  petroleum  got 
from  all  countries,  Russia  and  the  United  States  accounting  each  for  about 
47  per  cent.  As  a  consumer  of  petroleum,  Austria  ranks  next  to  Great 
Britain.  Statistics  of  import  and  export  are  also  given,  and  bear  out  the 
statement  previously  made  that  the  Galician  petroleum  retains  well  its  hold 
on  the  home  markets.  The  memoir  terminates  with  a  list  of  all  the 
petroleum-wells  in  Galicia  and  the  Bukowina.  L.  L.  B. 
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IRON-ORE  MINES  IN  MORAVIA. 
Dit  Eiie.nerzvork(nnnien  und  die  ehemcUige  Euienerzeugitng  Itti  RoTtierstadt  in  Mdhrm. 
By  JoSKF  Low  AG.      OeMferreichijiche  Ztitschrift  fur  Rtrg-  und  JIUttewct.^H^ 
1901,  ?'o/.  xlix.,  pages  129-133. 

Little  is  known  of  the  original  working  of  the  iron-ore  mines  at  Romerstadt 
in  Moravia.  The  earliest  name  of  the  town  was  Raymerstadt,  and  the  Romans, 
probably,  never  penetrated  to  this  district.  The  mines  are,  however, 
very  old,  and  seem  to  have  been  worked  by  the  Celts  long  before  the 
Romans,  for  there  are  remains  of  open  diggings  and  trenches  far  below  the 
present  surface.  The  iron  was  extracted  from  the  ore  in  charcoal-furnaces, 
and  this  method  was  practised  till  quite  recently.  Mines  of  gold,  silver, 
copper,  lead  and  iron  are  mentioned  in  1535.  Ihe  mines  were  repeatedly 
pledged  by  the  Crown  to  various  people;  and  they  are  now  the  property  of 
Count  Harrach.  The  introduction  of  railways  gave  the  death-blow  to  the  char- 
coal-iron industry  and  although  there  were  still  stores  of  iron-ore  in  hand, 
the  charcoal-furnaces  were  blown  out  everywhere.  Even  at  the  present  day, 
immense  quantities  of  good  iron-ore  exist  in  this  formerly  busy  mining 
district,  and  await  the  enterprise  of  some  ironmaster,  who  will  be  able 
to  utilize  them. 

The  ore  is  composed  of  brown,  red,  and  magnetic  ironstone.  It  occupi 
in  several  parallel  beds  in  Lower  Devonian  chlorite-schists,  and  was  chiefly 
dug  from  two  places  about  650  feet  apart.  The  zone  in  which  the  ore  is 
found  is  about  3,600  feet  wide,  and  about  7  miles  in  length.  The  seams 
are  from  3  to  18  feet  thick  and  the  percentage  of  iron  varies  from  30  to  60. 
If  magnetic  and  red  iron-ore  occur  in  the  same  seam,  the  former  is  usually 
found  on  the  floor,  and  the  latter  on  the  roof.  The  magnetic  iron-ore  is 
black  and  coarse-grained,  generally  rich  in  iron  and  contains  much  lime;  the 
red  iron-ore  is  usually  iron-grey,  siliceous,  and  contains  red  haematite. 
Where  the  three  ores  are  found  mixed,  the  percentage  of  iron  in  them  is 
sometimes  as  high  as  62.  In  some  places  the  ore  crops  out  at  the  surface, 
and  fine  crystals  of  iron-pyrites  are  often  found  in  it.  The  seams  are  sharply 
defined,  and  are  supposed  to  have  been  formed  at  the  same  period  as  the 
chlorite-schist.  Three  mines  showed  seams  of  magnetic  iron-ore  from  3  to 
6  feet  thick,  and  containing  from  30  to  50  per  cent,  iron,  reached  bj 
shafts  50  to  60  feet  deep.  In  two  others,  the  seams  were  about  ^4»  ff^t 
below  the  surface,  9  to  18  feet  thick,  and  the  mixture  of  magnetic  and  nd 
iron-ore  contained  45  to  62  per  cent,  of  iron.  Another  important  mine  had 
three  shafts  and  one  gallery  at  a  depth  of  328  feet;  the  seam  was  1*>  ittt 
thick,  and  the  ore  contained  from  45  to  60  per  cent,  of  iron.  Many  of  tht 
outcrops  are  untouched.  The  mines  have  at  present  lH»en  so  p<M>rly  worked, 
and  carried  so  little  below  the  surface,  that  they  might  probably  he  dnv.  n 
much    deeper,    with   good   results,  E.  M.  D. 


(iOLD-MINKS    IX   THE   HOHKNBEKG    AND   OELBEHlJ    HILL.<. 
AT'STRIAN  SILESIA. 
I)l»  (iitJilrorhnnnitn  am   //fth<nh*n/  nm/  (hlfunj  f>*  i    Wiirfn  uthal  tnul  F.U':*Ui»r^:    .. 
O*  '(f*  rn  it'hi'>rh-Srh/fsii  n.         /ii/    .Joskf    LoWAt:.        ( h  <ittni  irhi^rh*     /f»  i '«••'.<- a"* 
fur  Ii' nj-  umi  Hiiltnurt  .<*»u^  1901.  nJ.  .I'fl.r.,  j^nff  ^  415-417. 
Nothinp    is    known    of    mining    for    gold    in    the    H(>henberg    and    (VIUiy 
hills,   near  Wiirbenthal   and  Engels>)erg   in   Austrian   Silesia,   until    l.%56.     Ic 
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I  an  old  all  aft  wan  re-opened  and  i^  qua  rt^^  vein  eontuiuln^  ^^^^  ^^^  g'aleBa 
found.  In  ISei,  opon  cuttings  were  made;  in  the  HohenWrg-  and  the 
Oelber]g*  und  various  ftirther  attempts  to  find  gold  proved  frnjtle««.  In  lSfl3. 
the  irriter  sneeeeded  in  dwoverin^  a  vein  of  nuriferoUi^  quwrti,  6^  feet 
thick.  A  shnft  wbd  mink  and  gallerie!?  driven,  Bud  9  tons  of  qnartK  takeu 
from  it,  yielded  17  dwtg.  ot  gold  to  the  ton  of  pre.  Later  finda  have  given 
AS  mueh  ns  2-1  dwts*  nud  1  oil.  IB  dwts*  tespeatlTely. 

The  Hohenberg  and  the  Oelberg.  which  are  separated  by  a  alight 
depression,  form  a  contorted  fold  of  Lower  Devonian  strata.  The  ridge  is 
about  3  miles  long,  tt^ith  a  steep  fall  to  the  northweat.  It  tonsiats  of  black 
or  grey  etay-Blatet  interspersGd  with  qunttz  and  niiea^  which  impart  a  metanie 
glitter  to  the  eurfare*  Tti«  lode  of  anriferoua  quartz  is  embedded  in  the 
elay-Blate^  which  alis^j  contains  djirk  gre**ri  chlorite*Behit*t  with  m  ague  tie  iron- 
ore,  quartzos^e  echibt  with  copiK^r-  and  iron-pyrit<?s,  and  mnaaeii  of  diorito. 
The  Lower  Devonian  restti  upon  Laurentian  gnei«s.  The  tiBtJurea  tilled  with 
auriferoui^  quartz  were  probably  formed  dnring  the  folding  of  the  strata 
and  run  paralM  to  the  longitudtua!  a^ia  of  the  folds.  Long  parallel  depreN- 
^ions,  eleven  of  which  may  be  distinguished,  di'Uote  the  presence  and  the 
direction  of  the  veins,  which  are  tbi^  k  -t  tf  the  surface,  and  thin  out  iis. 
they  descend  to  a  depth  of  several  himl  '^  i<  <  L  Ttie  vein^qnurtz  ia  colonred 
browRi*sh-yellow  with  o3iidc  of  iron,  it  cnu tains  pocket^i  filled  with  brown 
iron-ore^  pyrites  and  galena,  and  i^  generally  gold  bearing.  The  more  fissured 
the  lode,  the  richer  is  it  in  gold ;  and  the  firmer  and  more  compact  the  rock, 
the  less  gold  does  it  appear  to  coniain.  To  follow  the  vein.  a.  perpendicular 
shaft  was  sunk  for  40  feet,  the  quartz  then  again  became  solid ,  and  the  propor- 
tion oF  g^old  fill  to  3  to  T  dwts.  |:er  ton. 

Only  these  rich  lodes  were  formerly  worked*  the  poorer  parts  of  the  vein 
being  left  as  supports.  They  were  reached  by  a  inking  ahafts,  from  60  to 
SO  f«»t  de^p,  l^>elow  which  the  old  miners  eon  Id  not  go.  At  least  400  depres- 
sions have  been  conn  ted,  due  to  the  filling  up  of  these  old  fihafts. 

Th©  auriferous  zone  lies  in  a  valley,  bounded  by  a  copper-lode  apparently 
of  older  formation,  containing  pyrites,  malachite,  a  little  gold,  and  the 
remaiufi  of  old  w<irkings,  TTie  works  at  present  consist  of  a  shaft  46  feet 
deep;  a  gallery  984  feet  long,  at  a  depth  of  about  WQ  feet;  a  second 
gallery  of  the  same  lengtli,  and  a  shaft  65  feet  deep.  All  the  streams  running 
from  the  Hob  en  berg  and  the  Oelberg  contain  gold,  which  was  formerly 
extracted  by  washing,  and  it  is  also  found  in  the  alluvial  depositti  forming 
the   ancient   bed   of   the   river  Oppa*  E.  M.  D. 


COPFER-MINIKG    NEAR   KKITTELFELD   IN   STYBIA. 

iHr  Kitsbertfhatf  fhr  FftfUrhtirh   nnd  df^  Feist^iizip'ah^^nJi  bei  KuiUci/dd  m  St  tier - 

7fmH%     liy  Dr,  ILiRl  A.    Redlich,      OeJifejrdrhi^rJtf.  Ztirsehri/t  fUr  Berg- 

und  MUftrtiweifHt  1901.  /o/,  .r/t>.,  pag^J^  6^9-643^  and  I  pialt. 

From   the  bcfginning  of  the  eighteenth   century  copper  haa  been   mined 

in  the  Flatschach,  a  district  north  of  Knittelfeld  in  Styria,  by  the  monastic 

order  at  Sekkan.     From  1718  to  1741,  375  tons  of  copper  were  obtained  from 

3,85U   tons  of  ore.     In    1778,    samples  contained    6   per  cent,    of   copper,    50 

dwts,  of  silver  and  IS  dwts.  of  gold  to  the  ton,  but  the  average  became  so 

low   that  the  mines  were  closed  in   1789. 

The  veins  are,  aa  a  rule,  5  feet  thick,  with  a  cors  of  quartz  and  lime- 
stone.    In  some   places   eopiM?T   and   arsenical  pyrites   as   large  as   a   walnut 
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have  been  found,  and  also  tennantite.  Another  mine,  at  some  distance,  wai 
also  formerly  worked,  but  the  ore  now  contains  little  copper,  and  the  per- 
<:entage  of  gfold  was  always  small.  The  mines  cover  an  area  of  12^  miles, 
but  unfortunately  the  vein  of  ore  is  intermittent,  and  its  course  cannot 
be  traced  with  precision.  E.M.D. 


PYRITES-MINING   IN    UPPER   STYRIA. 

Die  Walchen  hei  Oeblani :  tin  KitMbergbau  im  EmuUhal,  By  Dr.  Ka&l  A.  Rbdlich. 
Berg-  uml  HiitteumdnniHches  Jahrhuch  der  k,  k,  Btrgakadtmitn  :u  LeoUn 
nud  Phhram  und  der  kmiiglich  Ungarischtu  Btrgakademie  zn  SchemuitZj 
1903,  fo/.  /».,  page^  1-62,  and  2  plcUeJt. 

The  ancient  mining  industry  at  Oeblarn  has  been  recently  resuscitated 
after  a  slumber  of  well  nigh  half  a  century,  and  the  author  gives  in  thia 
memoir  the  results  of  investigations  made  among  the  newly  opened-up 
ore-deposits,  as  well  as  the  g^st  of  the  literature  devoted  to  the  district  ever 
since  Hans  Adam  Stampfer  first  described  the  mines  in  1683.  A  complete 
bibliography  (including  manuscripts  as  well  an  printed  works  and  mapsK 
is  followed  by  a  detailed  historical  summary. 

The  rocks  of  the  neighbourhood  consist  chiefly  of  gamet-mica-schists. 
among  which  are  intorbedded  pure  white  crystalline  limestones,  folded 
into  synclines  and  anticlines;  and  of  quart z-phyllites  (intermediate  in  ag« 
between  the  Archaean  and  the  Silurian)  in  which  occur  the  ore-deposits. 
The  general  strike  is  east-north-east  and  west-south-west,  and  the  dip  is 
33  or  34  degrees  to  the  north-north-east.  There  is  plenty  of  evidence  of 
disturbance  and   faulting. 

Three  main  deposits,  termed  *'  veins,"  by  the  older  authors,  are  recog- 
nizable. The  highest,  the  Walchen  ore-body,  is  really  a  partly-broken 
lenticlc.  3J  feet  thick  at  the  outcrop,  double  that  thickncsH  at  a  dopth  oi 
20<)  feet,  and  thinning  out  to  nothing  towards  the  dip,  at  a  dopth  of  tV>n  it-et. 
The  Gottespabe  or  God's  Gift  **  reef,"  59()  feet  lower  down,  separated  at  tir-^t 
from  the  Dreifaltigkeit  or  Trinity  **  reef  "  by  45  feet  of  barren  gnmnd. 
unites  with  this  to  form  one  deposit,  varying  in  thickness  from  4  inches  to 
'i'l  feet,  but  occasionally  attaining  a  maxiniuni  of  10  feet.  On  the  whole, 
this  deposit  may  be  regarded  as  originally  consisting  of  two  lenticles.  the 
upfKTniost  of  which  has  been  worked  out.  Striking  parallel  with  the  main 
deposits  are  innuniera))le  thin  seamlets  (»f  pyrites,  so  thin  indeed  a.-,  to  l>e 
unworkable.  At  the  outcrop  the  ores  are  mo^nizable  by  their  hnnAii 
weathered  g^ossans.  really  masses  of  ochre,  whirh.  in  conjunction  with  tho 
serieite-sehists,   serve   as   g^ood   indicators. 

The  Thaddeus  adit,  dating  from  the  early  years  of  the  18th  century.  i)\tr 
:\.M)0  feet  in  length,  was  reopened  and  somewhat  lengthened  in  the  autumn 
of  1897.  A))out  U)  waggon-loads  are  got  from  it  monthly  anti  .irt* 
used  up  in  a  celluloid  factory.  Ordinary  pyritts.  indeed,  forms  the  rii.i;** 
of  the  ore,  in  association  with  copper-pyrites.  Occurrences  of  MMondary 
importance  are  arsenical  and  magnetic  pyrites,  galena,  blende,  argent iltrou* 
fahlore.  antimonite,  etc.  Small  proportions  of  gold  and  silver  arc  lound 
in  the  iron-  and  copper-pyrites:  several  recent  analyst's  of  these  an^  tabulated 
\iy    the   author. 

With  regard  to  the  genesis  of  the  deposits,  he  enunciate?>  the  follow injf 
theory.  ."suppose  a  rock  (unlike  the  surrounding  country-nx'k)  to  hare 
o<cupied  their  present  position  in  the  form  of  a  lu'ddcd  mass.  M(uint.iin- 
building  movements  take  place,  fissures  are  torn  in  the  rocks  and  arc  infilled 
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iNrith  crush-material  (?).  Subsequent  metamorphism  occurs,  obliterating^ 
nearly  all  traces  of  the  fissures,  and  the  whole  appears  to  be  one  compact 
mass.  Then  fresh  disturbances  take  place,  fissures  are  once  more  opened  up 
in  it,  and  this  time  the  presence  of  pyritous  elements  results  in  pyritic 
infilling^.  The  substance  which  origfinally  occupied  the  place  now  taken  by 
th«^  ore-deposits  was  probably  limestone. 

Statistics  of  the  output  of  the  mines,  from  1570  to  1857,  are  followed  by 
a  detailed  description  of  the  old  method  of  treatment  of  the  ores.  From 
this  one  gathers  that  the  operation  must,  in  later  years  at  any  rate,  have 
been  carried  on  at  a  loss.  As  a  matter  of  fact,  sulphur,  under  the  new 
conditions,  will  be  the  chief  product  obtained  from  these  mines;  and  then, 
if  the  annual  output  is  much  increased,  a  payable  quantity  of  metal  may  be 
got  from  the  roasted  pyrites.  L.  L.  B. 


MINERALS  OF  THE  TYROL. 

Beitrag  znr  Otschichte  der  Baue  de.s  Berggerichtes  an  der  EUchf  1472-1659.  By 
Max  Reichsritter  von  Woi*fskron.  Oesterrekhutche  ZtitHchrtft  fi'ir  Berg- 
nnd  HiUtenwe'itnj  1901,  vol.  xHjc.,  pages  91-94. 

In  the  Tyrolese  valleys  on  the  banks  of  the  Adige  extensive  mining  opera- 
tions have  been  carried  on  for  centuries  for  silver-bearing  lead-ore,  the  existence 
of  gold  being  little  more  than  a  tradition.  Works  were  carried  on  throughout 
the  sixteenth  century  at  Nals,  and  in  1525  at  Terlan ;  from  the  latter  place  the 
lead-ore  was  exported  to  Spain,  while  the  ore  dug  at  Nals  was  sent  to 
Rattenberg.  The  works  at  Nals  and  Terlan  employed  at  that  time  163  men, 
but  the  mines  were  gradually  worked  out,  as  the  ore  became  poor,  and  ceased 
to  yield  either  silver  or  lead. 

In  Gsteyr,  near  Meran,  a  vein  of  lead-ore  was  discovered  in  1548,  and 
thirteen  mines  were  opened,  some  being  at  a  depth  of  only  4  or  5  feet,  and 
therefore  worked  at  small  cost.  Like  the  mines  in  Nals  and  Terlan,  how- 
ever, these  mines  gradually  decayed,  in  spite  of  an  effort  made  towards  the 
end  of  the  century  to  revive  the  industry.  One  cause  for  their  failure 
was  that  the  working  of  the  mines  interfered  with  the  cultivation  of  the 
rich  land  in  the  Adige  valley.  The  miners  being  mostly  men  foreign  to 
the  district,  there  was  little  desire  to  continue  the  work  after  the  rich  yield 
of  the  mines  had  begun  to  diminish,  because  the  country-folk  were  able  to 
earn  a  more  comfortable  living  by  agriculture.  E.  M.  D. 


THE  LAURIUM  MINES,  GREECE. 

Uefter  den  Bergliau  im  Laurion.     By  C.  von  Ernst.     Berg-  und  Huttenmduniachts 
Jahrbuch  der  k:  k,  Bergakademien  zn  Leobtn  und  Pribram  nnd  der  koniglich 
Ungarvichen  Bergakademie  zu  Schemnitz,  1902,  rol.  /.,  pages  447-501,  with 
%  figures  in  the  text. 
The  mining  district  of  Laurium   in  Southern  Attica  covers   an   area  of 
about  50,000  acres.    The  various  centres  are  connected  up  with  each  other 
and  with  the  harbours  of  Theriko  and  Ergastiria  by  tram-lines  and  narrow- 
gauge  railways,  and  with  Athens  by  a  broad-gauge  railway. 

Speaking  broadly,  the  rocks  of  the  district  consist  of  an  alternation  of 
marbles,  dolomitic  limestones  and  mica-schists,  which  overlie  unconformably 
the  Cretaceous  limestones  of  Athens  and  Lykabettos.     The  whole  series  has 
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uudergoae  folditi^  and  dislocntion,  with  the  rtwtilt  th&t  the  mumit  m 
traversed  by  numeroua  fisaurt's,  partly  infilled  wjtU  npiiphj'stJB  of  Ikt  fiist' 
graiucd  granite  or  eurite  of  Flakm  a&d  pEirtly  with  salpkidic  orea.  Tbr 
rock'SiKiCcasLon  Is  aa  follows^  in  deacendiug  order: — (1)  Upper  ferruginotu 
timestime,  wliicU  furme  the  capping  of  ninnj  hille.  (2)  Upper  niicjiccvQ* 
ilate  or  schist,  partly  weathered »  coiitaining  white  mica,  (3^  Middle  lime- 
stone (marble) ;  one  variety  is  pink  and  scbistose,  and  the  other  %m  bliti^b'^ 
grey  and  fine-gntined.  This  forms  the  foot- wall,  and  No.  2  the  hanging* 
wall,  of  an  ore- body  which  (^onaitts  ehieflj  of  iron-ores,  ]nipr€gnate4  with 
galena,  etc,  (4)  Lower  micaceous  alate  or  sehist*  forming  the  foot-waU  ^aad 
No*  3  the  hangioj^-wall)  of  n  second  ore-bod jp  consisting  in  the  iiorthm 
area  of  mangriniferoua  iron-ores»  and  in  the  aouthem  of  fin«lj-graiinLar 
argent  if  iTous  galena  anaociat^d  with  chalybite,  fluorspar  and  catcapar^ 
(5)  Lower  marblo,  with  imprfrgnationa  of  iron-pjritei  and  galena.  (B)  Mini' 
ceona  slate  or  schist,  betweea  which  and  the  tinderlying  saccharoidal  oiarhl* 
(of  tmknown  thickness)  lies  the  third  ore-body,  varying  from  20  incbts  to  40 
feet  in  thicknesa,  and  consisting  of  galena  and  ceruBsite.  This  depoatl  wai 
largely  worked  by  the  ancients:  in  the  foot-waU  occurs  a  good  deal  of  aine^ 
ore,  iu  the  form  of  neat^,  ete.  Nearly  all  the  ahove-deacriijed  rocka  ara 
ieamed  by  a  network  of  fissure-veins  infilled  with  calamine  ftud  galeia. 
Besidea  the  granite,  already  mentioned,  various  greenatone^dykes  break 
through  the  masaif.  The  ores  are  richt'st  where  achiftt  forma  the  bangiaf- 
wall  and  limc&tone  the  foot-walL  and  the  proportion  of  ainc-ore  tends  to 
increase  the  deeper  dowji  one  goes. 

The  explanation  sppoiira  to  be  that  the  ore-bearing  fluids,  comiiig  ap 
from  below  reacted  with  greatest  effect  on  the  lowermost  marble,  ]eachis|^ 
most  of  it  away  and  depositing  in  its  place  zinc  oxides.  Thus  impovprbhrd, 
when  they  reached  the  higher  limeBtonc-beds  the  orc«liearing  fluids  pttirvd 
less  potent  in  inducing  double  chemtcal  decomposition,  etc.  Ou  th<^  otWr 
hand,  aa  the  schiate  by  their  irery  texture  would  t«nd  to  chei-k  the  upllww 
of  the  fluidzi,  the  limestoDe  with  a  schlatose  roof  would  there  be  richest  in  »r^. 

The  usually  very  compact  lead-or©  contains  indeed  only  from  9  to  10 
per  cent,  of  metallic  lead,  but  it  ia  rich  in  ailver,  yielding  i^  pounds  p^r  ton 
of  lead.  The  quality  of  the  calamine  variea :  from  the  lowcrmoat  depoaita 
2«0O0  to  3p00i)  tons  are  got  monthly,  and  have  yielded  as  much  aa  B&  |Mr 
cent,  of  metallic  ainc,  but  ores  as  rich  as  this  arc  rar*ly  obtained  nowadays. 

The  author  givea  an  elaborate  and  interesting  deacription  of  the  inintng 
industry  carried  on  in  the  Laurium  district  by  the  ancient  Gre«kii.  Tbr 
slag-heaps  left  by  them  Htill  contain  from  7  to  14^  per  cent,  of  metallic  tead, 
but  they  appear  to  have  been  vory  successful  iu  extracting  most  of  Iho  silrrr. 
The  more  recent  history  of  the  industry  is  fairly  well  known  from  other 
aources.  It  will  be  remembered  that  after  a  lapse  of  2,000  ye&rs  workinf 
was  started  on  the  alag-heaps  in  1B64.  Since  then  enormous  maagfii  of  ilag 
have  been  found  below  wnter^level,  where  they  were  tipped  OTcr  by  the 
Ancients  into  the  sea,  and  the  total  amount  of  alag  mn^  still  ^atitnatvd  ia 
li9S  at  S|  millions  of  tons.  The  richest  portion  haa  now  been  almost  all  witrkMl 
over.  Tn  addition  to  this  there  are  the  waste-heaps  of  the  ancient  inifi««, 
or  rkr^QiirA,  and  the  remains  of  the  ore-waahtngs  or  fdinit^A,  fram  which  a 
good  deal  of  lead  and  silver  has  been  got  The  Greek  metallurgiosl 
pauy  founded  in  1S73  haa  not,  however,  confined  itsetf  to  working  oTtr  th# 
old  heapateads,  etc.  but  has  opened  up  fresh  mines,  and  in  1001,  the  outpat 
from  these  for  the  year  amoiinted  to  2LS4(i  tons  of  manganiieroua  it^m^ 
ore,  12.079  Ions  of  plutnbiferona  iron-ore,  and  339  tons  of  xinc^fv. 


I 
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The  French  LauriuTJi  company,  founded  iti  1875,  works  Bome  of  the  richest 
mi»€s  iu  the?  district,  at  Kauii're^a  (where  the  Serpen  and  Hilanon  sUafls 
have  heeu  *smtk  to  a  deptb  of  590  feet  or  so),  Plaka,  Sure^a  and  DFupilpsu. 
The  ores  are  flortod  and  bhi cited  at  KTpriamo,  where  works  on  a  tnagnifioont 
aeale  have  been  laid  out.  The  output  for  1901  aTnouoted  to  10,73<)  tons  of 
roaBted  calamiue,  B03  tons  of  plumbLferoua  calamine,  ^,942  touB  of  ferrnginous 
calamine,  454  tona  of  zinc-blonde,  11,5(10  toua  of  red  lupnmtitc,  and  t*4,973 
tons  of  mangauiferoua  ironH^rt*.  In  addition  to  the  two  great  companies,  two 
or  three  other  Biiialler  conipanies  are  at  work  in  the  difitnct,  their  nnuea 
being  situated  at  Dardesa,   Sun  ion,   DaBkalio,   Heriphos,    etc. 

The  total  niainber  of  work-people  employed  in  1899  was  9,345,  but  tbe 
indufltry  has  since  then  fallen  on  evil  days^  ond  in  the  first  half  year  of 
1901  more  than  2,<)(Ri  workmen  were  perforce  dismigacd,  as  the  priceR  of  It^ad 
and  zinc  were  so  low  that  it  did  not  pay  to  work  any  except  the  richcal 
deposits.  The  constant  inflow  of  water  into  the  inincii  m  one  of  the  great 
diffieultiea  with  which  the  Lanrtum  enginecrij  have  to  battle. 

L.  L,  B. 


coAL-Mnoiire  in  dutch  limeurg. 

Mitt  htrif  n  a  f/r  u,  1901,  i<if.  set  Hi. ,  p^i  gr^  \S1\  90. 

The  Netherlands  being*  mainly  au  arcnniulatjon  of  dritt>depoBitB,  and 
outcrops  of  older  rocks  occurring-  only  in  the  east  of  the  provincea  of  Gelder- 
land  and  Overtjf^cl  and  in  the  south  of  Limburg,  mining  enterpriBe  in  thut 
conn  try  is  restricted  to  a  very  small  area*  Iu  fact,  mining  operations^  it* 
the  true  sense  of  the  word,  are  in  progress  in  Southern  Limbiirg  alone,  and 
although  at  pretient  conducted  on  a  very  modest  at^ale  they  are  destined  to 
undergo  considerable  development  in  the  near  future.  This  hopeful  view 
is  based  on  the  comparatively-rcceat  discovery  of  a  great  ex  tension  of  the 
Coal-field,  the  seams  in  the  new  area  being  well  worth  working. 

In  part,  the  Limbnrg  coal-field  lielongfl  to  the  Wiirm  basin  (which  is 
itself  a  small  portion  of  the  great  belt  of  Coal-measures  that  stretch  from 
Stadtberge  in  Westphalia  to  Valenciennes  in  Frejich  Flanders).  But  a 
nnmber  of  new  borings  have  revealed  the  presence  iu  Limbnrg,  north  of 
the  Wurra  Coal-measures  and  separated  from  them  by  the  saddletiaek  ridge 
of  Kerkrade,  of  another  group  of  coal-bearing  strata.  This  coal-field  strikes 
south-west  and  north-east,  and  ia  cut  by  two  main  faults  running  south- 
east and  north-weet ;  the  throw  of  one  of  theHc  is  1,UIJ(*  feet  or  so,  and  the 
maximum  downthrow  of  the  other  is  not  yet  known,  as  a  bore-hole  near 
Gangelt  went  down  1,640  feet  without  reaching  the  Coal-measures,  The 
strata  south-west  of  the  laHt-named  fault  (known  as  the  Band  wall  or  northern 
fault)  can  alone  be  regarded  as  workable,  for  north-east  of  it  the  thickneaa  of 
the  Tertiary  deposits  is  so  enormous,  that  shaft-sinking  would  prove  too 
costly.  East  of  Yalkenburg.  another  borc*hole  has  struck  the  Coal- 
measures,  but  they  are  here  unproductive:  and,  iu  view  of  thia,  the  actual 
e^ttension  of  the  workable  measures  westward  from  the  Sand  wall  fault  may 
be  reckoned  at  6  or  7  miles.  The  probable  boundaries  of  the  new  Limburg 
coal-field  arc  then:  east  and  north,  the  San d wall :  west,  the  barren  strata 
of  Yalkenburg^  and  south,  the  Kerkrade  ridge.  Its  area  measures  about 
81  square  miles:  the  overlying  rocks  are  mainly  Tertiary  sandstones,  Chalk 
and    Ureensand^    none    of   which    appear  likely    to   enhance   the    difficulties 
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incident  to  mining^  operations.  On  the  other  hand,  the  frequent  occurrence 
of  heavily-watered  Hand-beds  will  complicate  somewhat  the  labour  of  shaft- 
sinking^,  but  will  hardly  prove  a  serious  obstacle,  unless  the  shafts  hare 
to  be  sunk  to  a  very  greAt  depth. 

The  two  Dutch  localities  where  coal  is  now  being  mined  are  Kerkrade 
(for  the  Wurm  basin)  and  Heerlen  (for  the  Limburg  basin).  It  i»  expected 
that  more  new  pits  will  be  started  at  the  last-named  place  before  long. 

At  Kerkrade,  four  seams  are  worked,  down  to  a  depth  of  1,100  feet  from 
the  surface  (or  600  feet  below  sea-level);  the  output  in  1899  amounted  to 
122,796  tons,  and  in  1900  to  124,538  tons.  The  number  of  workpeople  em- 
ployed belowground  was  291  and  abovebank  80.  Not  far  off  from  here 
is  the  Neu  Prick  colliery,  which  produced  in  1899,  from  three  seams,  46,040 
tons  of  coal,  the  total  number  of  workpeople  employed  being  145. 

About  1870,  boreholes  were  put  down  at  thirty  different  places  in  what 
is  now  the  new  coal-field,  and  in  nearly  every  case  they  struck  coal. 
Mining  concessions  wore  obtained  from  the  Dutch  Government;  but  prac- 
tically no  use  was  made  of  them,  partly  in  consequence  of  industrial  de- 
pression, and  partly  because  of  the  absence  of  means  of  transport.  The 
last  named  desideratum,  however,  was  attained  by  the  building  of  the 
local  railway-line  which  runs  from  Sittard  to  Heerlen  and  Uerzogenrath. 
Thereafter,  a  serious  beginning  was  made  with  mining  work,  and  from 
1893  onwards,  company  after  company  opened  up  collieries  over  a  total 
area   of   14,656   acres. 

The  seams  west  and  south  of  the  Feldbiss  fault  are  chiefly  "  meagre " 
or  "  sand-coals  " ;  at  Heerlen,  however,  a  "  flaming  "  coal  is  found.  North 
of  the  Feldbiss,  both  "  flaming  "  and  bituminous  coals  occur.  The  "  meagre  " 
coals  in  the  government  collieries  and  at  Neu  Prick-Bleyerheide,  are  an- 
thracitic  in  character.  They  are  tough  and  clean,  bum  slowly,  alm<.»8t 
without  flame,  and  give  off  very  little  soot  or  dust.  Tlie  only  colliery  at 
work  at  present  near  Heerlen  is  the  Oranje-Xassau  pit.  Working  four  seain». 
it  produced  in  1899,  44.136  tons  of  coal,  and  employed  271  workpeople  (192 
iK'lowground  and  79  alK)veground).  It  is  estimated  that  when  all  the  connv 
eions  recently  taken  up  are  being  worked,  the  total  production  of  the  new 
Limhurg  tield  will  amount  to  10,000  tons  per  d'um.  If  the  whole  of  tht- 
available  coal-area  wore  worked,  this  figure  could  be  trebled  or  quadrupled, 
and  reckoning  21Kj  working  days  in  the  year,  the  annual  output  could  U* 
increased  to  U.oOO.fKK)  tons.  If  this  were  so.  the  Netherlands,  which  im- 
|)<»rtcd  in  1H9H  a  little  over  :j.(MM),(MM)  tons  ol  coal,  could  in  future  be  entirclv 
soil-supporting  in  that  respect  ;  the  supply  from  their  own  collieries  would 
l)o  amply  sufficient  to  cover  all  the  retiuirements  of  the  consumers,  and 
not  a  single  ton  of  coal  need  be  got  from  abroad.  On  the  c«mtrary, 
Holland  could  enter  the  lists  with  other  nations  as  a  coal-exporter.  The 
author  (onfesses,  however,  that  more  than  one  decade  is  likely  to  elap*e 
hotoro  this  consummation  is  reached.  Meanwhile,  the  (iovernment  have 
brought  f(»rward  a  Hill  in  the  Netherlands  Legislature,  for  the  purpv>s<'  of 
ona<  ting  that  no  further  mining  concessions  shall  be  granted,  but  that 
the  rcmaininpr  area  of  the  coal-field  (two-thirds  of  the  whole)  shall  be  held 
and  worked  by  the  State.  The  committee  of  experts  appointed  by  the 
(Jovornmont  to  examine  into  the  question  had,  however,  previously  reported 
in  favour  of  conceding  four-fifths  of  the  coal-field  to  private  enterprise  and 
n'scrvinjf  only  tlio  remaining  fifth  (the  choicest  part,  calculated  to  ctmt.»in 
HM).(MK),(MK)  tons  of  coal)   for   the  State.     This  question   is   not   yet    settled. 

L.  L.  B. 
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COAL-SEAMS  AT  TKVARTSHALI  IN  TEANS-CATJCASIA. 

Die  neu  eiUdeckten  KofUenJldtze  vofi  Tkwartschali  im  KaukaniM.     By  Km.  Ladoff. 

OeMerrtichische   Ztitnchrift  fur    Berg-    nnd  HatUnweseH^    1901,    ro/.   ar/ix., 

pages  )  73- 174. 
Tkvartshali,  in  the  province  of  Eutais,  is  about  34  miles  from  the  coast, 
whence  a  g^ood  road  leads  to  it.  It  is  a  wild  and  mountainous  district 
traversed  by  numerous  deep  rivers,  with  vast  primeval  forests.  Only  the 
semi-civilized  Abbaaiers  wander  through  it.  These  wild  inhabitants  have  long 
known  of  the  existence  of  coal,  which  they  call  "  devils'  blood,"  and  hold 
in  abhorrence.  It  was  from  their  description  that  the  first  seam,  2\  feet 
thick,  was  discovered.  It  contains  more  ash  than  coal,  but  two  other  seams 
of  good  coal,  7  and  14  feet  thick,  were  soon  afterwards  discovered.  The  coal- 
district  covers  an  area  of  about  77  square  miles,  but  has  been  little  explored. 
The  thill  of  the  seams  is  sandstone,  containing  clay,  and  sometimes  passing 
into  shale,  and  the  roof  is  conglomerate.  In  several  places  there  are  hot 
springs  of  sulphuretted  hydrogen.  There  are  many  faults,  the  strata  are 
much  contorted,  and  in  one  place  a  vein  of  grey  porphyrite  occurs.  A 
few  fossils  have  been  found.  Variations  in  the  thickness  and  colour  of  the 
seams  are  characteristic  of  the  district.  The  coal-measures  are  cut  through 
by  rivers,  which  in  their  upper  reaches  run  at  a  steep  angle,  and  the  coal 
•often  crops  out  at  the  surface. 

The  method  of  working  the  seams  is  primitive.  In  the  deep  river-ravines, 
the  coal  at  the  surface  is  simply  dug  out  with  pickaxe  and  shovel.  Else- 
where, the  strata  are  inclined  at  the  same  angle  as  the  bed  of  the  rivers, 
and  lie  far  below  them.  Here,  three  holes,  300  feet  apart,  were  bored  by 
hand.  One  of  them,  sunk  to  a  depth  of  250  feet,  cut  through  three  scams 
of  coal,  7,  11  and  18  feet  thick  respectively;  and  at  a  depth  of  180  feet, 
a  hot  spring  impregnated  with  sulphuretted  hydrogen  was  tapped.  The 
•coal  contained  about  34  per  cent,  of  ash.  There  are  seven  seams  at  Tkvart- 
shali,  one  of  which  is  40  feet  thick,  but  this  is  chiefly  shale  with  thin  beds 
of  coal,  and  only  three  of  the  other  seams  are  valuable.  The  ash  usually 
^xcec'a  7  per  cent.  The  coal  can  be  coked  and  in  this  respect,  Caucasian 
coal  is  remarkable,  as  even  with  33  per  cent,  of  ash  it  cakes  into  a  solid  mass. 
The  coke  is  light,  not  brittle,  and  burns  well  in  furnaces. 

Unfortunately  the  development  of  the  industry  is  hindered  by  the  difli- 
■culty  and  expense  of  connecting  the  district  with  the  sea.  An  ordinary  railway 
would  be  too  costly,  but  an  electric  or  funicular  railway  might  be  con- 
structed, if  the  natural  features  of  the  country  were  utilized.  There  are 
several  waterfalls,  from  which  power  might  be  obtained.  E.  M.  D. 


COPPEH-ORES  OF  StJNIK,  TRANSCAUCASIA. 
Di*t  Kupftrerze  dtr  Sunikgruhtn  im  Oouvemtnitnt  Elisahetpol^  Trmiakankamvu,  By 
—  Ermisch.  ZeiUchrift  fiir  praktUche  Geologie^  1902,  vol.  x.,  pag*^s  88-89. 
Transcaucasia  is  extraordinarily  rich  in  metalliferous  ores,  and  among 
these  copper  seems  to  play  an  important  part.  The  Siinik  mines,  district 
of  Sangesur,  in  the  government  of  Elisabetpol,  are  one  of  the  three  most 
considerable  copper-mining  enterprises  in  that  part  of  the  Russian  Empire : 
they  are  near  the  frontiers  of  Persia  and  Asiatic  Turkey,  and  their  situation 
therefore  is  somewhat  remote.  The  nearest  railway-station,  Evlach,  is  125 
miles  distant,  and  it  may  be  for  this  reason  that,  from  the  technical  point 
of  view,  the  Siinik  mines  have  much  leeway  to  make  up.  In  the  old  days, 
the  softer  ore  (bornite)  used  to  be  worked  out  by  means  of  narrow,   deep 
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and  sloping  shafts,  while  the  somewhat  harder  ore  (such  as  chalcopyrito» 
was  left  behind.  Within  the  last  five  years,  however,  mining  has  been 
actively  carried  on,  more  in  accordance  with  modem  methods,  and,  recently, 
smelting-works  have  been  built  at  SUnik,  on  the  Manhes  system. 

The  ore-bodies  are  undoubted  vein-deposits,  and  the  gangue  is  almost  ex- 
clusively quartz.  The  chief  ore  is  chalcopyrite,  containing  from  14  to  > 
per  cent,  of  metallic  copper,  seldom  more.  With  it  are  associated,  mixed 
together  in  one  mass,  iron-pyrites,  bornite  and  antimony  fahlore,  and  (very 
rarely)  some  native  copper.  At  present  no  economic  importance  is  attached  to 
the  gold-and-silver  content  of  the  copper-ores,  which  is  said  not  to  be  in- 
considerable. Precise  data,  however,  are  not  forthcoming.  So  far.  twenty 
veins  are  known,  varying  in  thickness  from  7  to  45  inches:  taken  altogether 
they  form  a  channel  striking  north-westward  through  a  massif  of  dark-green 
to  blackish  diabase.  Fault-fissures  in  this  diabase  are  numerous;  they  cut 
through  the  cupriferous  veins,  and  are  very  unwelcome  to  the  miner. 

The  workings  are  irregular  narrow  adits  driven  some  100  to  300  feet  or  8o 
horizontally  into  the  hillside :  no  true  shaft,  in  the  modem  sense,  has  yet  been 
sunk.  In  regard  to  water,  all  the  conditions  are  very  favourable  for  the 
mining  industry.  The  use  of  dynamite  has  only  just  begun  at  Siinik,  ordinary 
blasting-powder  having  been  employed  there  till  quite  recently.  Haulage  is  in 
a  primitive  stage  indeed,  for  the  miners  bring  to  the  surface,  both  the  mine- 
water  and  the  ores  that  they  have  won,  in  great  leathern  sacks.  Yet  the 
annual  production  has  risen  from  230  tons  of  metallic  copper  in  189i»  to 
806   tons   in    1900.  L.  L.  B. 


THE    PRESENT    POSITION    OF    COPPER-MINING     AND    WORKS    IN 
THE  ZAXGAZURSKV  DISTRICT,  ELISABETHPOL,  TRANS-CAUCASIA. 

Th  Prist  II f  Position  of  Copper'Tniuiinf  and  W^ork-M  in  the  ZauijazurtJcy  ]>i*tn''f, 
EliMuhfthjtol^  Trans'Caucatifi.     liy  N.  Shostak.     1901,  16  patjtJ<. 

The  copper-deposits  of  Zangazursky  are  situated  near  Evlach  station  on 
the  Trans-Caspian  railway.  The  absence  of  good  communication  with  the 
railway  has  prevented  these  deposits  from  being  opened  up  on  a  large  scah*. 

The  country-rock  of  the  district  is  chiefly  andesite.  The  ore  is  a  copper- 
glance,  together  with  lead-glance  and  zinc-blende  in  quartz-veins.  The  dir*-*- 
tion  of  the  veins  is  north-west  to  south-east  without  any  apprei'iable  divtrp- 
ence  or  faulting.     The  veins  do  not  narrow  as  they  attain  depth. 

The  development-work  shows  that  the  veins  extend  to  a  lonjjtn  of  T.<*a» 
feet  with  a  width  varying  from  6  inches  to  3. J  feet,  and  the  workings  have 
extended  to  a  depth  of  700  feet.  From  1858  to  1900.  9,64,3  tons  of  copper 
have  })eeu  produced.  In  1900,  the  output  of  cop|)er  was  800  tons.  All 
the  works  are  run  with  water-j)ower,  as  coal  costs  £2  Is.  per  ton,  wood.  1«^ 
to  12s.  per  ton,  and  coke  JCl  per  ton.  The  mine  is  robbed,  only  the  rich 
parts  of  the  veins  being  worked,  without  systematic  development. 

The  cost  of  mining  amounts  to  M2  lOs.  per  ton  of  ore.  and  allowing  tor 
capital-cx|X'nditure  the  cost  will  be  about  £3  10s.  |H»r  ton.  The  smelting  of 
the  ore,  in  old-fashioned  furnaces,  costs  1:3  Pis.  per  ton,  thus  making  a  total 
cost  of  about  t'7  2s.  per  ton.  In  order  to  work  at  a  profit  under  th»»*«' 
conditions,  8  j>er  cent,  of  copper  is  the  minimum,  and  ore  containing  le*#. 
than  7  jkt  cent,  is  thrown  on  to  the  waste-heap.  .\t  the  new  works,  erected 
at  Sounthsky  in  1S97.  the  ore  is  now  being  smelted  for  I'l  8s.  per  ton.  Tin 
ore,  in  the  first  instance,  is  smelted  to  copper  matte,  and  refined  in  converter* 
to   black  copper  and   to   pure  copper   in   the   Achpirizn/frn.  R.  \V.  D. 
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THE  DONETZ  COAL-FIELD,  SOUTHEEN  RUSSIA. 

Die  KoMen-iiidtuttrie  im  Donetzhecken.  By  —  Tittleb.  ZeitschriJ) /ilr  dw<  Berg-, 
Hntten-  uiid  SaJinen-wesen  im  Pre,nj*siHehen  Staafe,  1901,  rof,  xh'x.j  Ahhand- 
lungen,  pageM  477-480. 

The  Donetz  basin  is  really  a  typical  "  plateau  of  erosion/'  the  highest 
summits  of  which  do  not  exceed  an  altitude  of  1,130  feet.  The  elevations 
and  depressions  of  the  surface  coincide  here  exactly  with  the  geological 
structure  of  the  Coal-measures.  The  Carboniferous  deposits  are  of  an  un- 
mistakably littoral  type,  and  cover  an  area  which  extends  over  a  length  of 
233  miles  from  east  to  west  with  a  maximum  breadth  of  100  miles:  they 
are  in  part  overlain  by  saliferous  red  marls  of  Permian  age,  but  they  crop 
t)ut  at  the  surface  over  an  ext<»nt  of  no  less  than  7,720  square  miles. 

The  seams,  as  a  rule  rather  thin,  number  more  than  200:  the  workable 
■coal  mostly  occurs  in  the  Middle  Group  (horizon  of  Sjnrifer  mosquensi^)  of 
the  Upper  Carboniferous  system — as  defined  in  that  region.  The  seams  usually 
•dip  between  15  and  20  degrees,  high  dips  of  50  to  70  degrees  being  uncommon ; 
in  thickness  they  range  from  2  to  5  feet,  rarely  attaining  6  feet.  The  coal 
varies  in  character  from  a  good  gas-coal  to  an  excellent  anthracite ;  the  upper 
seams  are  generally  of  bituminous  coal,  and  the  lower  of  semi-  or  non-bitu- 
minous coal.  One  case  is  known  of  a  seam  which,  on  being  followed  along 
the  strike,  was  found  to  contain  all  these  varieties  of  coal  passing  one  into 
the  other.  Sulphur  is  present  in  so  large  a  proportion  that  the  coal  from 
the  Buchenko  mine,  containing  from  1  to  1'3  per  cent,  of  sulphur,  is  regarded 
as  comparatively  free  from  that  undesirable  ingredient.  The  percentage  of 
ash  varies  from  5  to  a  maximum  of  10.  The  coal-seams  are  interbedded  with 
shales  and  sandstones,  with  occasional  thin  beds  of  Fusulina-  and  Productus- 
limestones. 

It  cannot  be  said  that  mining  here  is  attended  with  any  special  difficulty. 
Pillar-work  and  overhand  stoping  are  the  methods  usually  employed.  Some 
mines  are  very  fiery,  and  all  of  these  are  provided  with  ventilators  (30 
ventilators  on  17  mines,  with  a  total  capacity  of  1,220,000  cubic  feet  per 
minute).  Altogether  at  the  present  time  there  are  135  collieries  at  work 
in  the  field,  with  a  combined  annual  output  of  about  7,500,000  tons.  The 
depth  of  the  shafts  ranges  from  100  to  1,250  feet.  The  205  haulage-engines 
represent  a  total  of  16,820  horsepower  and  the  212  pumping-engines 
can  raise  between  them  3,530,000  cubic  feet  of  water  to  the  surface  in 
24  hours. 

The  high  protective  tariff  alone  enables  the  Donetz  coal  to  compete  with 
British  coal  in  the  harbours  of  the  Sea  of  Azov  and  the  Black  Sea.  On  the 
•other  hand,  the  Donetz  coal  dominates  completely  the  markets  of  Southern 
and  Central  Russia,  right  up  to  Moscow.  The  coke  produced  in  the  district 
by  2,860  ovens  (mostly  Coppe  ovens),  averaging  about  1,000,000  tons  j>er 
annum,   is  all  consumed  locally. 

The  number  of  workpeople  employed  in  1899  belowground  was  40,000  and 
aboveg^ound  10,000.  Hewers  earn  from  £3  5s.  to  ^5  10s.  a  month,  trammers 
from  £2  12s.  to  £3  5s.,  surface-labourers  the  same,  and  the  wages  of 
the  other  workpeople  are  on  a  similar  scale.  This  is  in  part  due  to  the 
^reajt  number  of  religious  festivals  and  saints'  days  which  are  kept  as 
holidays,  so  that  there  are  but  240  working-days  in  the  year  or  20  in  the 
month,  and  the  annual  output  per  head  is  only  146  tons.  L.  L.  B. 
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PLATINUM-MINING  IN  THE  URAL. 

Vorkommen  uwl  Gemnnung  den  Piatins  im  Ural.     By  L.  St.  Rainkb.     Berg-  nnd 

HiitttnmanniMcheA  Jahrhtich  der  k.  k.  Bergakademien  zu  Leohen  %tnd  Piibram 

und  der  kiiniglich   Ungarinchtn  Bergakademie   zu  SchemnitZt   1902,   ro/.  l.^ 

pokgtH  255-298,  with  2  figures  in  the  text,  and  3  plates. 

Premising  that  95  per  cent,  of  the  world's  output  of  platinum  comes  from 

the  Ural,  the  author  g^ves  a  brief  history  of  platinum-mining  in  that  regioo. 

supplemented  by  statistics  of  annual  production  from  1825  to  1900. 

Scarcely  a  single  gold-placer  is  worked  along  the  whole  chain  of  the 
Ural  that  does  not  contain  some  traces  of  the  rarer  metal  platinum.  I1ie 
platinum-workings  properly  so-called  are,  however,  practically  confined  to 
two  districts: — that  of  Tagil  and  that  of  Goroblagodat,  74  miles  farther 
north,  their  combined  productive  area  being  reckoned  at  64  square  miles 
or  so.  Economically  the  Goroblagodat  field  is  by  far  the  most  important 
of  the  two;  and  the  Tagil  workings  show  signs  of  exhaustion,  as  they  now 
yield  only   17  per  cent,  of  the  total  platinum-output  of  the  Ural. 

A  brief  sketch  of  the  geology  of  the  region  leads  to  the  pregnant  con- 
clusion that  the  occurrence  of  the  platinum  is  genetically  associated  with  that 
of  the  peridotite-rocks.  Some  Russian  observers  assert  that  the  precious 
metal,  in  the  Goroblagodat  district,  is  also  to  be  found  in  porphyrite-sills. 
in  gabbro-diorites,  syenite-gneisses  and  syenites;  but  the  evidence  for  this 
is  not  yet  regarded  as  altogether  beyond  doubt.  Analyses  of  the  crude  ore 
are  tabulated,  showing  that  it  always  contains  more  or  less  iron  and  copper, 
besides  osmium,  iridium,  ruthenium  and  palladium.  The  miners  divide  the 
ore  into  three  grades:  No.  1,  containing  85  per  cent,  of  pure  platinum,  from 
the  Lower  Isr  and  Tura  river-valleys;  No.  2.  containing  82  per  cent,  of  the 
metal,  from  the  Upper  Ish  valley;  and  No.  3,  containing  75  per  cent,  fnun 
Nizhni  Tagilsk,  where  the  ore  is  got  out  of  the  original  matrix  (chromit«>- 
beariug  serpentine). 

The  so-called  **  eluvial  "  placers,  consisting  of  weathered  detritic  material 
which  has  not  been  carried  by  water  to  any  distance  from  its  original  locuf.  ar*"^ 
generally  poor  in  platinum,  precisely  because  they  have  undergone  so  little 
natural  concentration.  The  true  alluvial  deposits  along  the  valleys  an* 
mantled  by  barren  layers  of  varying  thicknesH  (from  10  to  130  feet  or  more., 
but  the  barren  layers  are  s4'ld<))n  intercalated  with  platinifemus  hands.  In 
many  places  the  bottom  p(»rtion  of  the  placer  is  indistinguishable  from  th.* 
hijjhly-<i(coni] oscci  l)('d-rock.  The  rich  paying  alluvia  consist  of  sand, 
loams  and  gravels,  sometimes  containing  tusks  and  hones  of  mammoth,  and 
vary  in  thickness  from  a  minimum  of  5  inches  to  a  maximum  of  Mi  feet. 

The  method  of  working  the  placers  is  descril)ed.  and  it  is  notable  that  in 
cases  uiicrc  an  attempt  has  been  made  to  economize  time  and  IalM>ur  by 
nn'ans  of  British  machinery,  the  stupidity  and  want  of  discipline  of  th»' 
Tartar  miners  have  in  part  nullified  the  advantages  derivable  from  ni<»dern 
apparatus,  with  the  result  that  slow  manual  labour  has  retained  its  priniatv. 
Tin*  method  of  washing  the  alluvia  is  also  descrilK»d.  and  the  author 
ap|M'ars  to  think  that  a  considerable  amount  of  platinum  is  lost  in  the 
tailings,  and  that  not  a  littl<»  is  stolen  by  the  miners  (despite  the  vigilanre 
of    the    authorities). 

Within  the  past  two  years,  dredging  has  been  introduced  in  working* 
in  the  Tss  valley,  and  the  resulting  economy  in  cost  of  output  is  estimat«»d  .it 
'i]  ]u'r  <cnt.  or  even  o7  per  cent.  The  author  points  out.  however,  that 
the  dredtJ^cr  often   fails  to  seour  away  thoroughly  the  lowest  (not   seldom   Mn* 
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richest)  layer  of  the  placer  immediately  above  the  bed-rock;  it  faiU  too  to- 
scoop  out  the  heavy  metallic  grains  lying  in  the  inequalities  and  hollows 
of  the  surface  of  the  bed-rock  itself.  He  remarks  that  no  one  yet  seems 
to  have  thought  of  attaching  a  caisson  to  the  dredger,  capable  of  accommo- 
dating a  certain  number  of  workmen  whose  task  it  would  be  to  scour  com- 
pletely the  surface  of  the  bed-rock. 

In  conclusion,  the  author  draws  attention  to  the  fact  that  the  richest 
platinum-deposits  are  practically  exhausted,  and  that  in  many  cases  the 
miners  are  reduced  to  washing  over  and  over  again  the  old  tailings.  A 
marked  diminution  of  output  within  the  next  10  years  is  inevitable,  unless 
new  sources  of  supply  be  found,  along  some  of  the  unexplored  river-valleys 
on  Count  Shuvaloff's  property  and  north  of  it  (that  is,  beyond  61  degrees 
north  latitude).  It  is  curious  to  note  that  44  per  cent,  of  the  platinum 
consumed  in  the  United  States  is  used  up  by  the  makers  of  artificial  teeth, 
and  equally  remarkable  statistics  are  cited   from   Austria-Hungary. 

L.  L.  B. 


lInGFALL   ZINC-BLENDE  MINE,   SWEDEN. 

Ueber  die  Otsttint  der  ZiukblendelagtrHtatte  lAingfaJtugr-ubt^  hei  Ritfvulain  Schwtdtw 
By  R.  Beck.  THchermak'H  Mijiercdogische  mtd  Pelrographische  MittheUuiigen, 
1901,  vol,  xjc.,  pagex  382-389,  with  ^figur*'M  in  the  text. 

This  mine  is  situated  in  the  province  of  Dalecarlia,  south  of  Lake  Yess- 
man,  west  of  Ludvika,  and  belongs  to  the  Saxberget  Company.  The  first 
discovery  of  the  ore-deposit  was  as  recent  as  1881  or  1882,  and  it  appeared 
in  the  statistics  of  ore-production  for  the  first  time  in  1891.  The  author 
has  given  a  short  description  of  the  mine  in  his  recently-published  text-book,* 
but  in  the  present  paper  he  gives  fuller  particulars  in  regard  to  the  country- 
rocks. 

The  ore  occurs  in  the  form  of  a  bed  10  to  16  feet  thick,  underlying  drift, 
and  intercalated  conformably  with  crystalline  schists,  which  dip  steeply 
southward.  Th^  predominant  rock  is  a  fine-grained  flaky  biotite-gneiss  (of 
widespread  occurrence  in  Central  Sweden,  and  well  known  as  the  locus  of 
many  ore-deposits).  It  forms  the  floor  of  the  ore-bed  here,  but  passes  into 
a  coarsely  slaty  biotite-quartz  rock,  containing  much  sillimanite  and  extremely 
little  felspar.  The  immediate  roof  of  the  ore-bed  is  formed  by  actinolite- 
rocks  of  varying  mineralogical  composition.  Nevertheless,  they  are  con- 
spicuous for  the  occurrence  of  amphibole-anthophyllite,  a  type  of  actinolitic 
hornblende  apparently  new  to  Sweden.  With  the  fibrous  aggregates  of  this 
mineral,  brown  zinc-blende,  copper-pyrites,  and  some  galena  are  intimately 
intergrown.  Microscopic  examination  shows  the  blende  in  extremely  thin 
lamells  thrust  in  between  the  cleavage-folia  of  the  amphibole-anthophyllite, 
or  matted  together  with  it  in  an  inextricable  felt-like  plexus. 

The  ore,  then,  is  mainly  zinc-blende ;  magnetic-pyrites,  copper-  and  iron- 
pyrites,  and  argentiferous  galena  playing  a  comparatively  subordinate  part. 
Reasons  are  assigned  for  explaining  the  genesis  of  the  deposit,  as  due  to 
a  secondary  mineralization  of  a  hornblendic  rock  originally  rich  in  cordierite 
and  spinel. 

In  many  respects  the  L&ngfall  ore-deposit  is  similar  to  the  pyrites-deposits 
of  Silberberg  near  Bodenmais  (Bavaria),  recently  described  by  Dr.  E.  Wein- 

*  Lehre  von  den  Ert^ngerMtatten^  1901,  pages  476-477. 
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schenk.f  With  the  latter's  genetic  hypothesis,  however,  the  present  author 
does  not  agree.  He  thinks  that  all  the  phenomena  of  corrosion  and  im- 
pregnation characteristic  of  both  deposits  are  ultimately  due  to  the  inter- 
vention of  thermal  solutions.  L.  L.  B. 


IRON-MINES  IN  CENTRAL  AND  SOUTHERN  SPAIN. 

DatoH  geoldifico-miiieras  de  rar»(w  Criaderos  (U  Hitrro  </c  Enpana,  By  L.  Mallada. 
Bolttin  de  la  Comvndn  del  Mapa  geoldgico  de  Espanaf  1902,  HtrifJt  2,  »yV.  ri., 
pagcM  153-203,  icith  iyfiijurea  in  the  ttxt. 

The  author  deals  first  of  all  with  the  mines  in  the  Fuente  del  Arco  and 
Guadalcanal  districts,  in  the  provinces  of  Badajoz  and  Seville.  The  Sierra 
de  la  Jayona  forms  the  northern  extremity  of  a  ferruginous  belt,  some  38 
miles  in  length  from  north-west  to  south-east,  and  varying  in  breadth  from 
600  to  5,000  feet.  The  deposits,  miscalled  '*  veins,"  are  really  long  strings 
of  "  pockets,"  of  irregular  dimensions,  the  chief  ore  being  a  micaceous  specular 
iron-ore,  in  places  entirely  pure,  and  containing  69  per  cent,  of  the  metal. 
Sometimes  it  is  mixed  with  varying  proportions  of  calcium,  magnesium  and 
iron  carbonates.  The  genesis  of  these  deposits  is  undoubtedly  associated  with 
the  eruption  of  hornblendic  porphyries,  which  invaded  the  surrounding 
Cambrian  slates,  carrying  with  them  thermal  waters  or  fumes  charged  with 
iron,  which  latter  was  ultimately  precipitated  in  the  cavities  of  the  limestone, 
also  of  Cambrian  age.  In  certain  localities  the  ancients  exploited  the  richer 
and  more  easily-workable  portions  of  the  deposits,  but  what  they  have 
left  would  well  repay  working  nowadays.  Great  confidence  is  expressed  in 
the  still  untouched  mineral  wealth  of  the  Sierra  de  la  Jayona,  and  the  orw» 
could  be  exported  through  Seville,  by  the  suggested  light  railway  (12J  miles 
long)  which  would  join  up  with  the  line  from  Merida  to  that  city.  On 
the  other  hand,  the  ores  could  be  brought  into  the  coal-field  of  Kelmez 
for  nii'tallurgical  purposes,  by  means  of  a  still  shorter  light  railway  (5 
miles)  to  the  station  of  Fuente  del  Arco,  which  is  joined  by  a  line  4.3  miles 
long  to  Pefiarroya.  within  the  aforesaid  coal-basin.  The  six  mines  of 
(iuadalranal  proper  are  not  working  such  rich  deposits  as  those  ju-«t 
described. 

Proceeding  southward,  the  author  deals  with  the  San  Nicolas  and  (V»n- 
stantina  diHtri<t8  in  the  province  of  Seville,  and  the  Homachiielos  di"<triot 
in  the  province  of  Cordoba.  The  geological  conditions  are  very  similar  to 
those  dcscrilw'd  in  the  Sierra  de  Jayona.  The  same  statement  applies  to  the 
Feria  deposits  in  the  province  of  Hadajoz.  with  the  exception  that  hero  the 
intrusive  igneous  rocks  are  largely  impregnated  with  ore.  So  too  the  ex- 
tensive Lnisa  and  Los  PcHros  mines  in  the  Sierra  de  Cordoba,  whitli  torni* 
the  northern  wall  of  the  (Juadahiuivir  vall<  v.  work  ore-depositx  varying  in 
thickness  from  V)  inches  to  (\\  feet,  the  foot-wall  Wing  Cambrian  slate*, 
and  the  hanging-wall  limestones,  sometimes  faulted  or  eroded  away.  The 
strings  of  pockets  <ontain  sometimes  haematites  and  sometimes  sp<HMilar 
iron-ore. 

In  the  Sierra  del  Madrono,  near  Ilellin.  provint'c  of  Albacetc.  a  vein 
of  very  pure  haematite,  averaging  from  1  to  rather  more  than  10  ft»et  in 
thickniss.  is  work«'d  amid  ashen-grey  or  white  marls  and  limest«»nts  nf  Li.v^tr 
Oetaceous    age.         .Vt    the    contact    with    the    vein,    the    limestones    are    c.>n- 

+   7Va/M.  ///^^  M.H.,  1901,  vol.  xxii.,  page  693. 
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-verted  into  brecciatcd  pinkish  dolomites  associated  with  carbonate  of  iron. 
The  ore  is  not  very  siliceous,  and  analysis  shows  it  to  contain  between 
54  and  57  per  cent,  of  metallic  iron. 

The  author  then  turns  to  the  Sierra  Alhamilla  in  the  province  of  Almeria. 
This  mountain-range  is  mainly  built  of  pale  chlorite-  and  mica-schists  of  pre- 
Cambrian  age,  overlain  uncomformably  by  yellowish  and  pinkish,  more  or 
less  magnesian,  limestones  of  Triassic  age.  The  ore-deposits  occur  partly 
in  pyritifcrous  quartz-veius  which  traverse  the  schists,  and  partly  in  a  more 
bedded  form,  intercalated  between  these  schists  and  the  limestones.  Here 
-also  the  genesis  of  the  ores  is  traced  back  to  thermal  waters,  the  upflow  of 
which  formed  the  moribund  stage  of  the  volcanic  phenomena  that  took  place 
in  the  district  in  late  Tertiary  (?)  times.  The  hiematitos  occur  in  irregular 
masses,  varying  according  to  the  cavities  eaten  away  in  the  dolomite  by  the 
lava-flows:  sometimes  they  measure  as  much  as  100  feet  in  thickness.  The 
ore  is  strongly  impregnated  with  manganese,  containing  from  3  to  5  per 
cent,  of  that  metal.  Phosphorus  and  sulphur  are  absent,  and  silica  almost 
entirely  so.  The  percentage  of  iron  oscillates  between  50  and  GO,  some 
samples  frequently  yielding  even  more.  The  ore  is  tough,  and  the  fact 
that  it  does  not  tend  to  make  much  "small"  or  "dust  "  is  considered  au 
additional  advantage. 

The  Sierra  de  Alraagro,  in  the  Cuevas  de  Vera  district,  in  the  same 
province,  presents  much  the  same  geological  conditions  as  those  just  de- 
scribed, but  gnat  n.asses  of  gypsum  arc  interbedded  with  the  limestones. 
And  the  constant  association  of  the  gypsum  with  the  iron-ore  deposits  as  well, 
leads  to  the  inference  that  they  are  of  contemporaneous  origin.  Wherever 
these  minerals  crop  out,  hard  green  diabases  are  found  with  them.  The 
author  gives  a  detailed  description  of  the  mines,  the  most  important  of 
which  is  that  of  Los  Tres  Pacos.  The  ore  in  an  excellent  dark-red  haematite, 
never  containing  less  than  60  per  cent,  of  metallic  iron.  The  distance  to 
Villaricos  harbour  is  only  8^  miles. 

The  mines  of  Atienza,  in  the  province  of  Guadalajara,  work  masses  of 
haematite  interbedded  with  Silurian  slates  and  sandstones.  The  author 
terminates  with  the  description  of  a  few  deposits  in  the  extreme  north  of 
Spain — those  of  Begonte  in  the  province  of  Lugo  (of  no  industrial  importance) 
and  those  of  Berastegui,  in  the  province  of  Guipuzcoa.  The  latter  occur 
in  the  form  of  bedded  veins  in  the  Cambrian  slates.  Here  various  ores  of 
iron  are  associated  with  galena,   blende,  chalcopyrite,  etc.  L.  L.  B. 


THE   AURIFEROUS    QUARTZ-   AND   OTHER   ORE-DEPOSITS   OF 

SIBERIA. 

Xe-v  OiMt-iiiejitM  de  Quartz  anrifire  en  Siln^rit.  By  A.  Bordeaux.  AnnaJe-<<  des 
Miiiej^,  190J,  sf/'iVf  10,  ro/.  //,,  fHifjex  499-549,  an  f  1  platt. 

The  author  begins  by  stating  that,  on  the  one  hand  he  does  not  propose 
to  deal  with  the  Altai  district,  and  that,  on  the  other  he  will  not  confine 
himself  to  the  gold-bearing  quartz-reefs,  but  will  also  describe  the  iron-, 
lead-  and  copper-ore  deposits  a«  opportunity  arises. 

The  Achinsk  district  in  Western  Siberia  forms  part  of  the  Obi  river-basin, 
and  here  the  crystalline  schists  are  overlain  by  some  5,000  feet  or  more  of 
Silurian,  Devonian  and  Mesozoic  sedimentaries  with  Tertiary  and  Glacial 
'drifts.     In  the  sedimentaries  are  numerous  thermal  springs  containing  iron, 
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nmugfiinese,  ma^netia  and  milpliar,  and  mme  bed«  tre  impT6g'ii«ted  wtib 
cupriferous  ores  juat  as  at  Haunfeld*  There  are  tMJiiBiderible  iron-oi^ 
deposit s  nt  Abak^nsk.  Irim  and  KuRnetrk,  At  tlie  lofft^nntni^d  ItKaUtY  wi*! 
of  Permiao  age  fMTtirs.  and  JiirasHic  {*)  roal-*ieam«  are  of  ftvqueat  occiintBOt 
eisi' where.  The'  utrata  Dre  Di?ar]y  borUoiital,  tUe  niouiitAin«  tnkc  oo  tabmlar 
form^^  uud  thi-'^  scarps  J'oriticd  hj  llie  watercnyrB^fi  &tb  oftea  vertical. 

From  the  Rtation  of  Itate  on  the  TrauB*Sibcrian  niilwaj^  a  joum^j  of 
100  miles  or  m«,  hj  road  briars  tlif  traveller  to  Cbel>aki,  which  jh  a  twifl 
of  central  depdt  whf'noe  all  the  miiies  of  tho  diatrict  draw  their  Niippli**, 
storest  etc.  The  first  mine  di*Bi'riJx*d  in  that  of  Yfkunnovski  or  Podvintxrlf. 
where  gold  wu»  first  ditR-overcd  iu  September,  1899 «  and  firat  worked  about 
a  twelvemonth  Inter,  ^rieldtng  :)5  to  36  parU  of  gold  per  milHon*  Tlie 
reef,  fome  15  or  ^)  feet  thick*  oceitrs  mb  a  dyke  in  diorite.  At  the  foot 
of  the  mountain  are  rich  plaeers  (worked  since  185:j),  coutiittiiug  gold  in 
rounded  nuggets.  At  the  TiiTnani  mine  (where  work  had  not  yet  bfgua  in 
May,  Ha>2).  in  another  quarto-reef,  with  gold  viHibU'  to  the  unaided  fyr*  in 
diorite.     AMuyj^  »bow  it  to  yield  1  ounee  per  ton. 

At  the  B<igom*Dnrovfirmj  {or  Iv^atiitzki)  mine,  gold  wua  hrst  found  la 
ISiJCj,  but  working  waa  not  begun  till  1H98.  Its  output  has  already  attatnHl 
conaiderable  dimensioni**  The  eonntry-rock,  here,  ia  syenite:  the  qnarts  li* 
milky,  the  go!d  very  finely  divided  but  very  pure,  and  pyrites  Ik  of  rarf 
occurrence.  The  t^otal  cost  of  the  mining  plant  i  turbine,  statu p^battert««« 
etc.»  is  about  4*lH,<MiO.  About  32  tons  of  veiuHtuff  are  worked  throngh  per 
day;  wood«fuel  exclusively  h  uaed.  The  prime  eoat  ia  very  irreguiar,  bfti 
ineludiug  tjixefi,  wages,  flalariea,  fuel*  sinking-fund*  ete.,  it  Amounts 
eiActly  £2  per  ton«  and  with  a  yictd  of  24  parta  of  gold  per  miUicm.  i 
fiiir  profit  can  be  made-  The  yield*  at  the  lime  i^f  the  author '«  visit  in  ISiG, 
averaged  30  parts  per  million. 

At  present,  the  industrial  development  of  the  Achinsk  district  ia 
up   with   its  inimenae   foreatfl*   but    later  on  the  Fermian   coal   of   Ktiin«ttk< 
yielding  only  a  per  cent,   of  aflh,  and  mid  to  be  equal  in   quality  to  tJia 
best    Englisb    coal*    will    come    into    play.    The   »eamt   are    nmti^rfDaa, 
eitetid  over   ii   vaat    area*     At    Ku!^nf-tKk    alau.    no    lesH    than   t^MKlO^QOCI 
of  eicelleut   iron-ore  have  lieen   proved* 

In    the    nortli^a^tern    portion    of    the    MinnaHinak    diatrict    arvi    DlitDM9*9 
suriferoua  placers,  and  there  are  some  gold><|uartv  reefs*     HHfiTialitiM]«tjKi«tt»H. 
occur  in  the  Suida  valley,  and  yellow   and  red  ochru  in  that  of   Karaaknir,  W 
while  galena  and  other  lead-orea  are  recorded  from  the  l^ilui,    Pieshka   aad 
liuirtak  rirer-baainH,     The  cupriferous   veins  observi?d  in   th«   parphyTiiA  a( 
thii*  region  do  not  seem  to  be  of  industrial  importance* 

Iu  titc  east,  the  important  mining  conceaaion  of  the  Irbn  ba«UL 
ftplendid   magnetiie^eposita*  yielding   from   ^^   to   67  p«f  etttl.   of 
iron,  galena  (not  in   snfBcient   quantity   to  repay  working),  nnd 
(equally   unsatisfactory  from   the  industrial   point   of   view)* 

In  the  south*  copper-ores  were  worked  and  smelted  for  trrerml  jtmn 
(1837-1847,  and  agnin  after  1874>,  but  the  indufltry  ia  now  f^xtinet.  At 
Aljakunnk*  the  maguetite-minet.  worked  since  1B09  or  ao,  an*  inervaaiif 
eondderiibiy  their  output.  Tlie  ore  yields  from  Slf  to  63i  prr  otnl*  of 
metallic   iron. 

Only  25  rnile^  away  from  the  town  of  Minuaaiaak,  nt  Ehaukb. 
■enms  i#YeraJ  feet  thick*    The  coat  yields  the  followinf  raanlta  to  nnnlyni*: 
Carbon,  ^22  per  t-ent.;  combined  water*  6  12;  oxygen  and  nitrofra,  f^U'A 
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lijgmw^ic  water.  14  60;  and  ttsh,  8*28.  The  henUttg  power  h  7,239  ealoriea- 
Tho  aunf£>raiiB  quart £^re^f»  aUmg  tb^  Chin^tie  frontier  near  Abakan E^k  are  rich., 
biit  bave  tmi  been  dovetnjied^  bei-auso  of  tbe  geQer^l  insecurity  of  the  border- 
di3trict.s. 

Spieadid  drpjaits  of  wbite  marble  occur  over  an  immeJiae  areaj  and  nmny 
other  oocHrreineii  of  lend  and  eopper-orea  (besidea  those  aJreadj  mentioned) 
were  reported  tu  the   author  in   Western  Siberia. 

The  remainder  of  the  paper  is  devoted  t-o  a  brief  ai^count  of  the  mineral 
wealth  of  Eastern  Siberia.  Tbe  region  of  the  Middle  Vitim  river,  difficult 
of  aeceas.  has  aroused  itiuch  attention  of  late  years,  because  of  the  recent 
diacovery  there  of  rich  placers  and  rich  auriferoUH  quartz-reefs^.  Copper-ore- 
deposits  alBo  occur.  As  to  the  thin  and  not  very  promising  quartss-veins  of 
the  Upper  Vitim,  the  author  detliuti^  to  pronounce  detiuitely  aa  opinion. 

Two  syndicates  arc  at  work  on  the  gold-quarta  reefe  of  the  Onone  district, 
and  tbe  annual  output  of  the  precious  metal  at  the  Bielogolovy  mine  there 
(somewhat  fltu'tuatiiig')  amounted  in  1901  to  9li  pounds  (42  kilogrammes). 
Fore  winning  in  not  always  pu?ihed  with  sufficient  rapidity  to  keep  the  stamp- 
batteries  continnously  at  work,  and  this  partly  atxount&  for  tht*  disappoint- 
lag  results  often  obtained  from  Siberian  gold-mine^.  The  district  of 
Nerchinsk  ia,  or  was,  famouiH  for  it-«  ailver-mine^,  but  it  also  eon  tains  ^old- 
bearing  Teins.  The  mineral  industry  conducted  there  for  well  nigh  two  cen- 
turies with  convict-lalMJur  (a  very  eostty  form  of  labour  because  of  its 
bad  quality),  i»  now,  however,  practically  extinct.  In  the  Shilka  distriet, 
the  author  found  gold  associated  in  a  quartz-reef  with  pyrites  and  galena. 
Nearer  the  surface,  the  pyrites  is  oxidixed  to  iron  oiide.  Tbe  reef,  6^  feet 
broad  nt  the  outcrop,  widens  to  2ti  feet  at  the  bottom  of  a  ahsft  some  50 
feet  deep.  Assays  give  vefy  promising  results.  Other  quartK-reefa  are 
known  to  ocrcur.  aUo  antimony-ores,  phoaphoritea,  asphalt^  and  (it  is  wbi3* 
pered}  petroleum. 

On  the  inland  of  Aiskold,  -JT  milei^  east  of  Vladivostok,  the  plant  at  a 
gold-mine  enisbes  about  120  tons  of  quartz  per  month  during  the  nine 
working  months  of  the  year  (so  long  as  the  sea-toast  ts  not  ie^ bound).  About 
130  workpeople  (Koreans  and  Eussians)  are  employed  at  thia  mine.  Other 
quartz- veins  have  been  proved  on  the  neighbouring  mainland,  and  in  the 
Tuteka  diatrict  are  argentiferous  lead*ore  mines,  the  output  of  wbicH  goes 
mmnly  to  England.  The  Tuteka  ore  yields  62  per  cent,  of  metallic  lead, 
and  about  1  part  per  thousand  of  silver.  In  Nahodka  Bay,  which  is 
government  property,  three  thick  scama  of  semi-anthracite  have  been  proved, 
and  at  kaat  I(>,(100»OIXI  ton*  of  coal  are  in  sight,  hut  the  deposit  is  probably 
much  more  extensive.  L.  L.  B. 


THE  MINERAL  RESOURCES  OF  NORTHERN  CHILI,  CHINA. 

i?fMe   dfifch   ihn   ftlirdfiehtn    Tht'd  dz-r   FroHnz    OkiJi      By   Karl   VotsELSANft. 
Petermmim  MitthfUuiujm^  1901,  rtrf.  ximu^  pagi-^  243*250  and  278-284,  nmi 

In  September*  1899,  the  author  made  an  excursion  from  Peking  to  the 
western  hills,  and  visited  the  small  coal-mines  in  the  neighbourhood  of  the 
Tillage  of  Wan-ya-taen.  These  appear  to  be  worked  by  the  Chinese  in  a  most 
primitive  and  unHystematic  fashion.  The  seams  are  thin  and  much  broken, 
the  coal  is  of  bad  quality  and  is  chiefly  used  for  lime-burning.  Neverthe- 
less, from    the  slack,   small   spherical  "  briquettes  "   are   made,   and   find   a 
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ready  sale  in  Peking.  The  selling  price  (quoted  by  the  author)  at  the  mine 
appears  incredibly  low:  it  works  out  at  barely  l|d.  per  cwt.  (?)  The  miner's 
daily  wage,  for  12  hours'  work,  is  about  6d. 

In  the  valley  of  Montakou,  which  opens  out  eastward,  and  narrows  west- 
ward into  a  steep  gorge,  coal  has  been  mined  for  untold  ages,  but  in  a  very 
wasteful  manner.  Here  also  the  seams  are  rather  thin,  but  the  quality  of 
the  coal  is  good:  it  is  carried  to  Peking  on  camels,  and  sells  there  for  about 
288.  a  ton,  coating  at  the  pit-mouth  just  half  of  what  it  costs  in  the  capital. 

The  first  auriferous  occurrence  described  by  the  author  consisted  of 
narrow  gold-quartz  veins  coursing  through  the  hornblende-rock  of  the 
Sanyuen-pci-kou  valley.  Here,  the  Chinese  had  driven  an  adit  about  100 
feet  long,  and  brought  the  quartz  to-day  in  baskets.  There  were  evidences  of 
several  unsuccessful  diggings  on  the  opposite  (eastern)  slope  of  the  valley. 
Here,  again  the  author  was  struck  by  the  absence  of  method  and  wastetul- 
ness  characteristic  of  Chinese  mining.  The  gold-output  in  that  neigh>j<>ur- 
hood  is  too  insignificant  to  be  of  any  industrial  importance. 

Wonderful  stories  were  current  concerning  a  new  Eldorado,  Che-lin  on  the 
banks  of  the  Chao-lio,  and  wealthy  Chinese  had  spent  large  sums  on  prospeit- 
ing;  but,  so  far  as  the  author  could  ascertain,  only  one  unimjiortant  quarti- 
vein  occurs  thereabouts,  in  hornblende- rock.  It  is  said  that  placers  ^M-re 
successfully  worked  in  the  district  in  bygone  years,  but  of  these  not  a 
vestige  is  left.  Nor  does  the  immediate  neighbourhood  of  Jehol  (rhong-tei 
boast  any  auriferous  deposit  worthy  of  mention.  At  Chun-ku-lo-kow,  soiuo 
distance  north  of  the  above-named  town,  workings  had  been  begun,  but  were 
subsequently  proliibited  by  the  authorities  and  abandoned,  on  a  c|Uiirtz-rtef 
which  (Topped  out  in  places  to  a  thickness  of  10  feet.  Some  specimens  ;i<'*aye<i 
in  Shaiio^-li;ii  yielded  a  very  moderate  amount  of  ^ol<l.  t  to  »>  part-  pir 
million. 

In  tlic  baritn  valley  (jf  Hun^-lina-kow,  in  the  neitrlil),)urliood  <»l  i'liih- 
l'en<^,  arr  ahaiuluned  workings  on  a  <inart7.-re»'t  (in  diorite-f^abbro),  -.pn  iifi«ii> 
from  wliicli  yielded  to  the  author  very  unsatisfactory  assays.  Ncverthelr-i. 
he  is  of  oj)ininn.  from  tlie  general  appearanee  of  the  country,  that  it  would 
repay  syst<«niatic  pros|XHting. 

Xorth-easl  of  ( 'liili-feu^.  a  town  of  1(10. ()(K)  inhabitants,  the  autln^r  vi-<r..Ml 
the  <()al-<lepnsits  of  Vuen-pao-shau,  in  the  T.ao-ho  valley.  I  he  coal  i^  hart!, 
ami  very  like  the  l.rown  coal  of  IJohemia.  The  seaiti.  now  lioins^  worked.  v.trii<« 
in  thickness  from  ")  to  10  feet,  and  underlies  aln)ut  l.')(»  feet  of  ^Tavel  .lud  -tn.! 
It  is  w«irked  by  iruMna  of  ]o\\g  sloping  galleries  rather  than  shafts,  in  whi)^. 
steps  are  cut.  one  only  being  })rovided  with  a  windlass.  Tin*  ro»;  i- 
<it]i\  at  about  U>.  a  ton.  and  is  nearly  all  sent  l>y  paek-muleN  to  rhiii-teii: 
Alxiut  200  workpeople  are  en)))loyed  :  they  are  all  housed  in  one  Inii:' 
<h<'lter.  and  in  ad«lition  to  food,  receive  piec«-wages  ^which  wt>rk  <'U'  v 
ahout   r.d,   per  man    per  t.tu ). 

The  author  lurther  descrihe^  hi^^  visits  to  the  comparatively  in-itjnifi.  .'"t 
»jfo!d-miMe^  tA'  (  huan-shan-tse.  an<l  t<»  the  miue^  ot  Chin-ehanij-kow -|'..,i.i3 
(where  hotli  anriferou*^  (juart/.-reef  in  hornbieutlc-rock,  and  alluvial  ire'.d- 
depM-it->  aie  \\orkcd».  He  <-onclud«'-;  that.  alth«»u<:^h  «^old-(iuart7.  reef-  .»n'  ** 
wide-pr  a*!  oe«  urreiiee  in  Northern  C'hi-li.  they  are  mostly  >o  narr»»w  .i«.  •• 
hardly  lepay  NNorkiny::  new  linds  of  importance  are  not  to  be  expected.  .«' 
tlie  proviM<e  ha-'  Imm-u  j)retty  minutely  pro>j)ette<l  by  the  Chinese-  t  he!i.-.el\ .  ^. 
and  he  doe-^  not   recommend  the  investment  of  foreign  capital  in  that  ijuarter. 

I..  L.  H 
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THE  SHANSI  COAL-FIELDS,  CHINA. 
Tht    Conf-fitfdi  nronnd    7V   Choit^   Shatixi^   China,       By   Noah    Fiklds   Drake. 
Tnin'<nctioiiH  of  the  American  lu>*titHtt  of  Mining  Enyint^ers,  1900,  ro/.  rj-x.^ 
]xigej<  261-277,  inth  ^figurts  in  the  ttxt. 

Tse-chou  is  the  principal  city  in  that  part  of  the  Shansi  coal-field  here 
described.  It  lies  some  300  miles  south-west  of  Tientsin  and  500  miles 
north-west  by  west  of  Shanghai.  All  the  coal  of  the  Tse-chou  region  is 
anthracite;  its  average  specific  gravity  is  1'5;  and  it  is  hard  enough  to 
support  any  weight  that  might  be  put  on  it  in  the  blast-furnace.  The 
percentage  of  sulphur  is  uniformly  low,  and  that  of  ash — averaging  10  per 
cent. — is  comparatively  so  for  anthracite. 

The  rock-formations  may  be  divided  into  three  groups: — a  lower  group 
of  limestone  about  2,000  feet  thick;  a  central  group  of  shales,  coal,  sand- 
stone, and  a  flint-bearing  limestone  aggregating  about  300  feet  thick;  and 
an  upi:er  group  of  whales,  clays  and  sandstones,  exposing  about  1,000  feet 
of  strata.  Over  nearly  all  the  valley  and  rolling  lands  there  is  a  covering  of 
loess,  which  reaches  in  places  UK)  feet  in  thickness.  With  the  exception  of  this 
covering,  the  rock-beds  are  apparently  conformable  throughout  and,  as  a  whole, 
lie  comparatively  level ;   but  there  is  some  consj  icuous  folding  and  faulting. 

The  workable  coal  lies  in  one  bed  about  250  feet  above  the  flint-bearing 
limestone :  there  may,  however,  be  a  little  coal  below  the  limestone,  since 
the  principal  coal-bed  in  Western  Shansi  lies  underneath  it.  This  work- 
able coal-seam  is  probably  not  less  than  22  to  23  feet  thick,  with  a  few  thin 
shaly  partings.  If  22  feet  Ix^  taken  as  the  average  thickness  and  1*5  as  the 
average  specific  gravity  of  the  coal,  there  are  about  3,000,000,000  tons  of 
coal  within  the  150  square  miles  of  coal-area  in  the  Tse-chou  region,  which  is 
only  a  little  of  the  ragged  edge  of  the  great  coal-fields  of  Shansi. 

There  is  a  narrow  strip  in  the  northern  part  of  the  district,  where  iron-ore 
(ha?matite)  is  l>elng  mined  by  open  pits  from  a  stratum  2  to  3  feet  thick. 
Fire-clays  of  good  (juality  arc  abundant,  and  considerable  quantities  are  now 
used  by  the  Chines?  for  making  cheap  pottery.  Sandstones  occur  in  abund- 
ance, and,  thoiigli  too  friable  to  be  durable,  are  used  by  the  Chinese  for 
bridges,  houses  and  roiid-pavir.g.  Massive  limestones  abound  of  good  quality 
for  building-stone,  fluxing  material,  the  manufacture  of  lime  and  probably  of 
ceir.ent.  Reddish-grey  marble  of  fine  structure,  and  black  limestone  suit- 
able for  monuments,  are  also  found. 

Practically  all  of  the  coal  is  mined  through  shafts  varying  from  50  to 
30'J  feet  in  depth.  The  mining  is  done  with  pick  and  gad,  no  explosives  being 
employed.  The  coal  is  hoisted  in  baskets  containing  about  300  pounds 
by  windlasses,  which  are  run  by  men,  no  steam  being  used.  The  coal  is 
mined  by  driving  tunnels  through  the  coal-bed  from  the  bottom  of  the 
shaft,  and  at  interi^als  along  the  tunnel-ways  large  quantities  of  coal  are 
removed,  leaving  moro  or  less  circular  rooms,  from  40  to  50  feet  in  diameter. 

The  output  of  the  district  is  probably  not  less  than  50,000  tons  per  annum. 
For  local  use,  the  coal  is  carried  away  in  little  carts  drawn  by  oxen;  but 
the  greater  part  is  taken  down  the  mountains  by  pack-animals,  along  rough 
and  steep  trails  paved  with   stone  and  12  to  14  feer  wide. 

The  Pekin  Syndicate,  a  joint  English-Italian  company,  has  concessions 
from  the  Chinese  government  to  work  the  coal  of  the  Tse-chou  region  as 
well  as  moat  of  the  Shansi  coal-fields.  Some  proposed  railways  leading  from 
the  Tse-chou  region  to  outlets  on  the  plains  and  to  shipping  ports  are 
described  and  indicated   on  a   map.  A.  W.  G. 
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THE  MINERAL  RESOURCES  OF  SOUTH-WESTERN  CHINA  AND 

TONGKING. 

Ktnde  [i^ologique  et  miniire  des  ProviHcejt  ChiiioiscM  voisintn  du  Totikin.  Hy 
A.  Lkclkkk.  AnnaieM  de^i  Mineji,  1901,  vertex  9,  rd,  xx.y  page^  287-40 J 
and  405-492,  and  12  pfattM. 
This  exhaustive  memoir  gives  a  very  full  account  of  the  obflenrations 
made  by  the  author,  in  the  course  of  a  journey  which  he  undertook  on 
behalf  of  the  French  Ministry  of  the  Colonies,  through  those  districts  which 
are  to  be  opened  up  by  the  prolongation  of  the  (French)  Indo-Chinese 
railways.  He  started  on  December  5th,  1897,  and  returned  on  July  15th, 
1899,  bringing  back  with  him  more  than  a  ton  of  rock-  and  mineral-speci- 
mens and  fossils.  With  the  exception  of  the  Tongking  delta,  the  whole  of 
the  region  traversed  is  extremely  rugged  and  mountainous,  attaining  alti- 
tudes of  10,000  feet  or  so  near  the  Blue  river.  The  rock -succession,  described 
in  ascending  order,  is: — (1)  Crystalline  schists;  (2)  pre-Cambrian  or  Sinian 
quartzites,  etc.,  presenting  features  very  similar  to  those  of  Britanny  and 
the  Ardennes;  (3)  Devonian  limestones  and  shales;  (4)  Lower  Carboniferous 
shales,  grits,  and  limestones  with  coal-seams,  with  which  are  associated 
contemporaneous  eruptive  rocks  (sills,  dykes,  etc.);  (5)  Upper  Carboniferous 
limestones,  the  basal  beds  being  "  fetid  limestone  " ;  (6)  Lower  Permian 
limestones  and  shales;  (7)  Middle  Permian  limestones,  etc.,  with  coal-seams; 
(8)  Upper  Permian  clays,  sandstones  and  conglomerates,  in  part  saliferou-i 
and  g^ypsiferous ;  (9)  Lower  and  Middle  Triassic  limestones  and  shales; 
(10)  Upper  Triassic  variegated  marls,  overlaiu  by  Rhaetic  r^hales  and  grits, 
with  coal-seams;  (11)  Liassic  cavernous  dolomite  and  grits,  the  latter  some- 
times containing  angular  bits  of  coal;  (12)  Tertiary  deposits,  charactoriied 
in  Tongkinp  by  a  8tring  of  Hinall  i'oal-))asin8,  forming  mostly  inl'ors  in  the 
gneiss  along  the  Rod  river,  (The  bost-known  of  tliese  basins  is  that  of  Yen 
Bay.)  These  Tertiary  deposits  exiiibit  all  the  features  of  torrential  sedimen- 
tation; (13)  Quaternary  lacustrine  formations,  ealeareous  tufas,  and  peat- 
beds  often  with  seams  ot  lignite.  The  Silurian,  Oolitie  and  ('ntaeeon«. 
systems  appear  to  })e  entirely  wanting  in  the  region  here  descriWd. 

.Vbout  100  pages  are  oceuj)ied  with  a  rteord  of  the  faets  noted  l»y  the 
author  along  fifteen  different  lines  of  route.  His  first  itinerary  was  alonif 
the  roast  from  Haiphong  north-eastward  to  Kebao.  Here  in  the  Konga 
district,  about  2<>0,0(K)  tons  of  coal  are  being  wrought  annually,  the  greater 
part  of  the  ojx^ncast  working.  The  coal-bearing  formation  (of  Rha'tic  ajje- 
dij)s  very  slightly  south-eastward,  and  the  seams  near  the  out<rop  an- 
sufficiently  rich  to  have  precluded  for  the  present  any  endeavour  to  carry 
the  workings  very  deep  down.  In  the  island  of  Kebao,  the  seams  striking 
north-north-eastward  assume  an  increasingly  steep  dip  until  they  pitch  almost 
vertically,  and  often  pinch  out  altogether  dee}K'r  down.  The  Lanessan  shafr 
has  been  sunk  to  a  depth  of  1,(KK)  feet,  but  further  exploration-work  has 
been  temporarily  suspended.  What  coal  has  been  got  shows  a  high  pt-r- 
ccntage  of  ash.  whereas  the  Hongay  coal  is  very  j)ure,  though  friable  and 
"meagre."  To  make  patent  fuel  out  of  it,  Japanese  coal  has  to  Ik*  addtd. 
as  well  a^  a  large  proportion  of  pitch.  Other  Hhu'tic  coal-deposits  are  wi.rked 
on  a  small  scale  in  the  north  of  Haiphong. 

A  large  number  of  mining-concessions  have  been  obtained  for  working 
copper-,  antimony-,  lead-  and  silver-or«s,  the  district  of  Monkay  bring 
osp«M  ially  rich  in  these.  Moreover,  cobaltiferous  manganese  is  said  to  tn t  ur 
in  the  lagoon  east   of  Kwangyen.  and  nickel   north-east  of  Hongay. 
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I  Tlui  Meood  Itinerurj  vra»  filoug  the  Bed  river,  troiii  UiiipliDtig'  to  L^okifi^. 
IVftvlgatloil  ii  inerea«iiugly  obstructed  by  moving  sandbankB,  the  origm  of 
which  the  author  traces  to  the  i^oniparativeLj  recent,  citravagiint  deforesta- 
tiou  <^i  Yutnann.  Smull  IVrtiarj  cc^al-baHina  occur  at  several  localities 
along^  the  river,  nnd  exploratioa  work  has  been  carried  on  at  the  Haidziiang 
pit  (drowned  at  the  time  of  the  author's  viait)^  at  a  depth  of  about  130  feet 
below  the  surface.  The  coal  yields  on  analysis  35  per  c^nt«  of  volatile 
matter  and  a  considerable  quantity  of  ash.  A  g'raphite-depo^it  has  been 
4liscovered  in  the  Lower. Carboniferous  rocks  &J  miles  east  of  Yenbay,  and 
tracer  of  petroleum  are  observed  ou  the  right  bank  of  the  river,  2|  miles 
west  of  that  town.  Minitig  cionecsMons  have  been  grunted  for  certain 
important  coal*outcrops   in   the    Lower  Carboniferous  near   Fho-lu. 

The  third  itinerary  consisted  In  a  aeries  of  prospecting  traverses  around 
Lankay.  At  Langhang,  2^  miles  up  strciimp  seamlels  of  In^trotit;  coal  occur 
in  a  torrential  deposit  of  wands,  clays  and  congloim*rates.  This*  coal  yields 
-35  per  cenL  of  vokitilc  matt*r  and  4  per  cent,  of  ferruginous  ash.  Outcrops 
oi*  Lower  Carboniferous  coal  are  also  described*  Near  BaxhotT  Banmac, 
etc.,  and  other  localities,  both  on  the  French  and  on  the  Chinese  bank  of 
the  river,  excellent  magnet it^'-deposits  occur  in  association  with  milky 
quartz  among  strata  of  Devonian  age.  Mention  is  made  of  the  old  copper* 
m.ine  of  Mot-dong,  5  mile^  aouth^e^ist  of  Longpo,  worked  ^  yeari^  ago  by 
the  Aunamites,  but  no  opinion  is  expressed  by  the  author  as  to  the  present 
value  of  the  depociit. 

The  fourth  itinerary  was  devoted  to  a  series  of  similar  traverses  around 
Mongtse.  Near  Manhao  are  considerable  outcrops  of  a  rather  earthy 
•coaU  in  yellowish  grit  of  Tertiary  age.  This  miserable  village  marks 
the  uttermost  limit  of  navigation  at  low  water  (that  ia,  in  the  dry  season) ; 
junks  of  not  more  than  *1  tons'  burthen  may  sail  that  far  up  the  river. 
A  Bometimes  very  slialy  coal  ix^curs  in  the  /Vw/wt'^«#-limestone  {Permian?) 
of  J^in-chiem*  Fn-che-kay,  etr.  It  is  largely  n^cd  in  the  lime-kilns  uf  the 
district,  but  the  coal  needs  first  to  be  moulded  into  briquettes  and  dried, 
«nd  these  are  ''  coked  *'  in  large  heaps.     There  is  a  residue  of  7  per  oent.  of  asb. 

The  nnthor  vtaited  the  tin-mines  of  Tomnko,  but  circumstances  (in  the 
shape  of  a  raid  by  250  marauding  minerB  on  hi.^  small  caravan)  prevented 
him  from  seeing  the  nuti'h  more  important  stanniferous  deposits  of  Thg- 
inentong.  These  miners,  assembled  in  bands,  periodically  pillage  the  sur- 
Tounding  country,  the  dcsf^late  aspect  of  which  is  enhanced  by  the  complete 
absence  of  frees  (all  destroyed  for  wood-fuel  and  charcoal)  and  the  great 
Bcareitj  of  water.  Some  of  the  tinstone  occurs  in  veins  in  the  Triussio 
limestones,  but  there  are  also  what  may  be  teruied  *'  s»ccojidary  ore*ljodies/^ 
msiiiries  rertultinp'  troni  the  deconi position  of  the  lunestones  and  thf^  veins. 
These  mnRses  can  he  generally  worked  opencast.  The  tinstone,  after  washing, 
ealeining,  ete*^  yields  75  per  cent,  of  raw  tin* 

After  providing  himself  with  a  larger  escort  of  soldiery,  the  author  pro- 
ceeded to  Kotin,  the  great  centre  of  the  tin-mining  industry  in  that  region. 
At  Halaken,  the  red  clay- veins  worked  for  tinRtone  are  proving  more  and 
mora  barren  in  that  ore,  while  the  proportion  of  copper  in  the  infilling 
increases.  The  stuff  thrown  on  the  waste- heaps  by  the  Chinese  miners  ia 
real  J  y  a  rich  eopper-oxidc  ore.  In  the  Permo-^Triasaic  grits  of  Veitaochan, 
7|  miles  south  of  Mientien.  is  a  copper-mine  employing  a  score  of  workpeople. 
"The  ore,  after  being  hand-picked,  is  sent  by  pack-horses  to  Yunnan-aen.  It 
-contains  from  31)  to  -Ul  per  cent,  of  metallic  copper,  hot  the  percentage  of 
;»iltca  h  sometimes  as  high  as  40. 
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The  fifth  and  sixth  itineraries  consisted  in  a  journey  from  Mongtse  to 
Yunnan-sen,  and  in  excursions  around  the  last-named  city.  About  40  miles 
from  Mongtse,  at  Puchao-pa,  a  coal-outcrop,  up  to  65  feet  thick,  is  worked 
opencast.  It  is  overlain  by  variegated  grits,  which  are  themselves  capped 
by  remnants  of  infra-Liassic  limestone.  The  mineral  yielded  the  following 
analysis: — Hygroscopic  water,  6  per  cent.;  volatile  matter,  '.iS  per  cent.; 
fixed  carbon,  51  per  cent. ;  and  ash,  5  per  cent.  The  calorific  power  is  estimated 
as  equivalent  to  7,060  calories.  At  present,  the  annual  output  hardly  excecdii 
3,000  tons. 

The  coal-workings  of  Niuke  are  only  22  miles  distant  from  Mongtne. 
They  are  opened  up  in  a  seam  about  4  feet  thick,  dipping  eastward  below 
the  limestones.  Sloping  galleries  have  been  driven  downward  for  a  length  ot 
about  1,000  feet.  The  mineral  contains  from  30  to  35  per  cent,  of  volatile 
substances,  while  the  ash  does  not  average  more  than  6  per  cent.  Hast 
and  north  of  Mi  Leu,  a  seam  about  4  feet  thick  is  worked  by  comparatively 
shallow  pits  (35  to  50  feet  deep)  in  the  Khaetic  shales.  An  average  sample 
yielded  the  following  analysis: — Ash,  954  per  cent.;  volatile  matter.  36*6 
per  cent.;  and  coke,  63'2  per  cent.  The  calorific  power  is  7.081  calorit's. 
The  coal  is  conveyed  in  wains,  holding  not  less  than  \  ton.  drawn  by  os«-n. 
down  to  the  city  of  Mi-leu. 

Near  Tutsa,  three  or  four  coal-seams,  varying  in  thickness  from  5  to  6J 
feet,  occur  in  a  group  of  grits  and  shales,  among  which  are  intercalated 
sills  of  eruptive  rock  (porphyrite),  and  underlain  by  a  great  mass  of  tin- 
same  porphyrite.  The  seams  are  actively  worked  by  means  of  several  well- 
timbered  drifts.  A  very  lustrous  coal  is  got,  having  the  following  com- 
position:— Hygroscopic  water.  1'3  per  cent.;  volatile  matter,  15  per  cvnt.. 
fixed  carbon,  737  per  cent.;  and  usii.  10  per  cent.  Tlic  calorific  p<»uer  i» 
7,.Vh)  calorics.  The  coal  is  ho  friable,  that  it  is  found  neces«ary  to  cttnvcr? 
it  iiniiic<iiately  into  coke  at  the  very  pit-inoutli.  The  coke  s  ll.^  at  uImmit 
14  sliillinufs  |K'r  ton  (oOO  sap*l:.<  per  horse-load).  Some  hundred  miner-*  are 
employed  at  a  daily  wage  ranging  from  2^(1.  to  5d.,  and  the  annual  outp\i! 
do<'s  not   exceed   2.500  tons. 

A  very  similar  coal  is  got  at  Yunnan-sen.  wliere  it  lia>  been  largely  u*e«l 
for   lime-burning,    and    from    the   neighbourhood    of    Ilyanu^. 

In  Mic  Mitsao  and  Imen  district  are  im))ortant  copper-orv*  and  iron-i.r^' 
dej)o-,its.  and  brine-springs.  The  author  de-^cribes  and  tignres  the  primitivi 
l)l.nit    with   which   the   iron-foundries   there   are   provided. 

riie  >^eve^th  itinerary  was  from  Vunnan-st  n  t«i  Tunj^chuan.  In  tin-  jr. 
villi*'  of  Yunnan,  cnpriferous  dciM)sit8  are  numerons.  but  the  bad  t  ••nditi..*.. 
of  the  wlnM-l-tracks  and  the  growing  scarcity  of  timb;r  combine  to  rtdm* 
the  numher  ot  ))ossible  workings,  as  only  those  deposits  can  now  be  miniMi 
wiiich  are  close  to  smelting-furnaces.  and  only  thosr  •iuielting-furna*  e><  «  .iM 
be  k<  pt  up  which  are  close  to  a  forest.  The  mandarin^  have  so  worked  »ln 
law  that  the  landowners  hav«'  no  interest  in  tlu»  preservation  of  the  tori'*'* 
an<l  thesi'  arc  being  laid  waste  beyond  hope  of  recovery.  At  present,  'lunp- 
cliuiin  and  Wisi  are  tin*  priiuipal  centres  of  the  c<»pper-industry  in  Yunnan 
moreover  a  good  deal  of  coal  is  worked  in  the  Carboniterous  strata  around 
Tiingihuan,  At  the  Lu))U  mine,  the  copper-ore-  oKur  actually  in  a  jrn.i*. 
masx  of  porphyrite,  in  a  sort  of  horizontal  or  bedded  vein :  the  intilhut: 
consists  of  barium  sulphate,  with  wliicji  arc  asxu  iated  copper  oxidr  .ind 
native  copper.  Tlie  Tangtan  mines  are.  however,  of  still  great*  r  in- 
portance:    the  ores  (in  the  I^iochang  working")  occur  in   a   sort   of  ^tinkwork. 


TRAXSACTIONS  AND  PEHIODICALS.  I7i> 

and  were  originally  pyritous,  but  are  almost  entirely  decomposed  into  car 
bonate,  and  these  are  mixed  with  thB  Laosinchang  copper-pyrites,  the  wholo 
being  calcined  in  furnaces  fed  with  wood-fuel.  The  annual  output  from 
Tangtan  averages  500  tons  of  raw  copper:  this  undergoes  further  treatment 
at  Tungchuan.  Deposits  of  argentiferous  galena  and  manganiferous  cobalt- 
ore  are  mentioned  as  occurring  in  the  neighbourhood  of  Lupu. 

The  eighth  itinerary  was  westward  from  Tungchuan  to  the  mouth  of  the 
Kinho,  a  tributary  of  the  Kinshakiang  or  Blue  river.  Round  the  city  of 
Wei-li,  much  coal  is  worked  in  the  Coal-measures.  The  brass-foundries 
and  such  like  industries  are  especially  active.  The  auriferous  sands  jpf  the 
Kinho  are  extensively  washed  by  the  Chinese,  in  a  patriarchal  fashion:  they 
afford  a  bare  living  to  the  easily  contented  natives,  but  appear  to  be  of 
no  industrial   importance. 

The  ninth  itinerary  was  south-westward,  from  the  Gold  river  or  Kinho 
mouth,  to  Tali  on  the  headwaters  of  the  Mekong.  The  author  records  re- 
peatedly outcrops  of  Rhuetic  coal  on  this  traverse.  The  mineral  is  of 
excellent  quality,  and  is  worked  in  various  localities  by  the  Chinese.  The 
average  of  five  analyses  shows  the  following  percentage  composition: — ^Vola- 
tile matter,  31'5;  fixed  carbon,  54*7;  hygroscopic  water.  5;  and  ash,  5'35. 
The  calorific  power  is  7,965  calories.  The  land-sale  price  (in  the  neighbourhood 
of  Mashang)  is  stated  to  average  barely  4s.  per  ton.  Tali  is  the  great  market 
for  the  produce  of  tlu^  copper,  lead  and  zinc-veins  of  the  Likiang  and  Wisi 
district.  Moreover,  rock-salt  and  gypsum  are  worked  in  the  Upper  Permian 
formation  north  of  that  city. 

Tlie  author  went  back  south-eastward  from  Tali  to  Yunnan-sen  (tenth; 
itinerary),  passing  on  thf  way  the  great  salt-mines  of  H?-tsin.  At  Chao-chiu, 
there  is  a  big  trade  in  orpiment,  brought  from  Monghoa,  some  25  miles 
south.  About  200  tons  of  this  ore  (finest  quality)  are  marketed  there 
annually.  The  "  salt-mines  "  of  He-tsin  and  Langtsin  should  perhaps  be 

properly  called  "  brine-shafts."  The  brine  is  pumped  up  by  hand-pumps 
from  the  Triassic  strata,  some  of  the  shafts  going  down  as  much  as  300  feet 
from  the  surface,  and  delivered  into  batteries  of  evaporating-pans.  The  in- 
dustry constitutes  an  Imperial  monopoly,  but  is  leased  out  to  syndicates 
which  receive  a  fixed  price  for  the  salt  according  to  quality ;  they  are 
bound  to  deliver  the  whole  output  to  the  Imperial  authorities,  who  resell  the 
salt  to  the  consumer  at  a  high  profit  (150  per  cent,  or  so),  while  the  actual 
miners  are  assumed  to  make  a  profit  of  about  10  per  cent. 

The  eleventh  and  twelfth  itineraries  were  from  Yunnan-sen  to  Kweiyang- 
sen  by  Hing-gni.  At  Lanmuchang  rather  poor  coal  is  worked  in  the  Middle 
Permian  strata.  It  was  formerly  used  for  the  distillation  of  mercury, 
obtained  from  c  inn  a  bar- veins  in  the  grey  Pro^/M('^w.!!-limestone,  Cinnabar- 
deposits  are  numerous  in  this  region,  but  they  remain  unworked,  as  the 
Chinese  are  hostile  to  any  re-invasion  of  the  province  by  Musulrran  miners. 
Other  outcrops  of  Permian  coal  are  described,  but  these  are  of  less  import- 
ance than  the  Rhaetic  coal  worked  around  Ngan-shuen.  The  mineral  i^ 
very  lustrous,  hard,  generally  "  meagre,"  and  does  not  make  good  coke^ 
It  contains  little  water,  but  yields  as  much  as  20  per  cent,  of  ash.  Good 
Bhsetic  coal  crops  out  in  many  localities  north-west  of  Kweiyangsen,  and 
its  land-sale  price  varies  from  8s.  4d.  to  10s.  per  ton.  Moreover,  outcrops 
of  bituminous  coking  coal  are  described  in  the  shales  underlying  the  Permo- 
Carboniferous  limestones   of  Wei-ning.   etc. 

Fron  Kweiyangsen  the  author  proceeded  to  Kweilin-sen,  the  capital 
city   of  Kwang-si.       He   saw   workings   of   Rhtetic   coal    and    Permo-Triassic- 
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gypsnm  on  this  thirteenth  itinerary.  He  returned  then  southward  by 
Nan-ning  to  Hanoi. 

The  third  part  of  the  memoir  deals  largely  with  the  future  prospects  oi 
mining  industry  in  the  region  described.  With  regard  to  PalsBosoic  coal 
(Carboniferous  to  Middle  Permian),  the  most  favourable  field  of  operations 
is  the  neighbourhood  of  Yunnan-sen.  As  we  have  seen,  however,  it  is  the 
Rheetic  coal-measures  which  in  this  portion  of  the  Chinese  Empire  assume 
an  importance  and  an  extension  far  beyond  anything  [of  similar  age?]  in 
Europe.  The  mineral  is  generally  of  good  quality,  and  the  amount  avail- 
able ia.  estimated  at  something  like  20,000,000,000  tons.  From  the  French 
point  of  view  (facility  of  communications  with  Tongking)  the  best  area  for 
starting  operations  would  be  the  western  border  of  the  Mongtse  massif. 

The  iron-ore  deposits,  especially  those  near  Yunnan-sen  and  Trinh-thuong 
in  Tongking,  may  possibly  give  rise  to  an  active  metallurgical  industry  in 
combination  with  the  coal-mines.  Of  the  stanniferous  deposits,  the  author 
speaks  less  hopefully,  but  the  reserves  of  copper-ore  in  Yunnan  are  considerable 
and  would  probably  repay  European  methods  of  working. 

A  translation  in  full  is  given  of  the  mining  regulations  drawn  up  by  the 
Chinese  Government  in  fulfilment  of  the  agreement  of  June  12th,  1897,  where- 
by it  was  stipulated  that  French  engineers  and  industrialists  should  work 
the  mines  in  the  three  provinces  of  Kwangtong,  Kwangsi  and  Yunnan. 

The  general  tone  of  the  memoir  indicates  clearly  that  those  three  pro- 
vinces are  regarded  by  the  French  government  officials  as  an  exclusively 
French  "  sphere  of  influence,*'  a  belief  which  such  journeys  as  that  of  the 
author  help,  more  or  less,  to  translate  into  fact.  L.  L.  B. 


STAXNIFKHOrs    DEPOSITS    OF    HIN-BTN,    TON(iKIN(;. 

Snr  hs  fii^f^imnt^  <(atnil/rn s  df  11  in- Bonn  {Laos).  Hy  \.  Lacroix.  linlhtii*  d* 
fa  S(H'iifi  j't'dintitt  (If  Mint'rn/otjltj  1901,  ro/.  .cxir.y  jHtytn  4'224'25. 
A  Krt'nch  coiiipauy  is  engaged  in  exploration-work  on  certain  tin-ore  dt'- 
po8itM  iu  the  proviiue  of  Kammun  (Laos).  These  have  long  been  worked, 
in  a  very  primitive  tartliion  indeed,  by  the  natives.  The  mine  is  called  Uin- 
buiT.  lueauHe  it  is  situated  in  a  small  tributary  valley  ol  that  river,  whiih 
is  itself  a  lelt-hank  tributary  ot  the  Me-koiig.  The  ore  is  dug  out  of  a 
liillside  ill  a  limest()ne-di^^triet  where  there  are  no  eruptive  rocks.  It  diH'> 
not  appear  to  be  in  place,  but  it  is  so  little  water-worn  that  it  cannot  have 
travelled  tar,  and  there  is  every  expectation  of  finding  shortly  the  original 
ore-body.  The  poor  nre  consists  of  limonitc.  varying  in  structure  from 
cavernous  to  <  ompact  or  concretionary,  in  which  are  disseminated  prismatic 
quartz-<rystals.  The  rich  ore  is  a  very  compact  crystalline  yellow  mass, 
made  up  of  cassiterite-ueedlcs  and  quartz-prisms,  imj.regnated  with  limonite. 
The  cassiterite  iu  many  instances  resembles  very  closely  in  appearance  the 
"  uet'dle  tin-ore"  of  Cornwall.  None  of  the  usual  associates  of  cassiterite 
(ti^paz,  mica,  apatite,  wolfram,  etc.),  occur  in  the  Hin-Hun  deposit.  Tli*» 
limonite  is  possibly  a  pseudomorph  after  pyrites,  although  no  absolute 
evidence  of  this  is  forthcoming.  On  the  wliole  the  author  eoneludcft  that 
the  (assiterite  here  occurs  as  a  primary  mineral  in  the  ferruginous  gossan 
of  a  >ulplii<le-(lepo^it.  analogous  t»)  that  of  Campiglia  in  Tuscany.  Ton - 
parisou  may  also  )>e  made  with  the  sulphidic  antimony-l>earing  veins  oi 
Fotosi  (holivia).  as  analysis  sh(»ws  that  the  llin-bun  ore  contains  about  4  [  «'r 
■cent,  of  antimonv  and  a  little  lead.  L.  L.  H. 


THAXSACTlnXS   A XI)    PERlUllICALK, 

THE  PCLACAVO  SILVKR-MINKS,  BOLIVIA. 

Mina  Ftilacttyih  %  Caklo»  G.  Avauxs.  Bolt  fin  tk  hi  Sr^kdml  Xticiotiti/  dt 
J/i-wtr/fStt  J 90 1,  fPiiit^Ji  3>  rof,  -t*iin,  /«i^M  171-184,  wifh  l^ffurt  iit  f/ie  ftj^t. 

The  output  of  thcfle  miu^s  in  189^  amounted  to  about  230  ious  of  illver, 
«aj  between  4  and  5  per  cent,  of  the  total  output  from  ;iU  couutriea  iu 
the  world.  The  Pidacuyo  dt»poBit  occurs  in  one  of  the  mouu tain-ranges 
wbich  branch  off  from  the  mnin  cordilifru  oF  the  Aude»;  tlie  mnuntaints 
ure  made  up  of  trachytic  rocks  which  licar  testimony  t^i  the  volcanic  erup- 
tions that  at  one  time  buret  tbrtiugh  thi^  longflonK^ratefl,  s^an*!**  and  ilay*  of 
Tertiary  ttge  forming  the  »outhern  piirticm  of  the  Bolivian  high  plateau.  It 
i&  with  these  trachytes  that  the  great  argentiferous^  vein  ift  intimately 
tisflociat^d :  where  the  voleanic  rocks  g-ive  place  to  sedimeutariea,  so  too  does 
the  ore  dii^appear.  The  workings  extend  over  a  length  of  T,7CX)  feet  and  a 
depth  of  2,500  feet  (reckoning  from  thi*  highest  point  of  the  fjulerop  to 
the  lowest  or  Hump^level).  The  great  vein  strikes  east  and  west^  pitches 
northward.  poaseBses  a  majiiuium  thickness  of  13  feel  and  tends  to  narrow 
a»  it  goes  deeper  down*  The  principal  urea  found  in  it  are  tctrabedrite 
(containing  up  to  10  per  cent,  of  silver),  galena  (with  2  per  cent.),  blcndo, 
copper*py rites  and  iron-pj rites  (the  three  last-named  cout^iin  ^till  amaller 
percentages  of  silver  thsiU  the  galena).  Towards  the  surface  all  thetic  metallic 
311  iph ides  give  place  to  their  respective  oxides  and  sulpha t€?s,  A  frequent 
non-metallic  as^rx'iate  is  barium  suiphatc.  lAhieh  diunnish*^  in  tjuantily  con- 
currently with  the  increase  of  depth  from  the  surface,  and  finally  disappears 
altogether  at  the  lower  levels.  Galena  is  most  abundant  at  the  intermediate 
levels;  lower  down  its  place  is  taken  by  hleude  and  pyrites,  and<  at  a 
point  very  nearly  reached  by  the  present  workings,  the  rein  ia  entirely 
made  up  of  the  two  his^t^named  iiiulphideti  and  therewith  ceas4e»  to  he  of 
industrial  importance.  Not  much  water  was  met  with  at  tirst ;  but,  of 
late  years,  as  the  workings  were  pushed  deeper  down,  thermal  springs  of 
which  there  was  no  trace  at  the  surfiU'e,  were  tapped,  and  they  Hooded  the 
lower  levels  in  continually  increasing  rolnnie;  in  fact»  the  lawest  levels 
remain  flooded  to  the  present  day.  A  cnrious  circunistauce  is  that  the 
miperficial,  pluvial  waters  which  percolate  downward,  decomposing  on  their 
way  the  sulphides  left  in  the  old  workings  and  heeonHug  thereby  strongly 
acid,  are  neutralized  by  the  theruial  wsiters:  and  thus  I  be  water  pumped 
from  the  mine  does  not  corrode  the  piiniping-plnnt.  The  thermal  springB 
met  with  at  the  lower  levels  indicate  temperatures  of  108°  and  13G^  Fahr. ;  they 
hold  in  solution  considerable  quantities  of  carbon  dioxide  and  stmalj  pro* 
portions  of  sulphuretted  hydrogen.  Fatal  accidents  have  occurred  in  the 
mine,  due  to  I  he  evolution  of  the  carbonic-ocid  gaa  from  these  waters:  in 
one  case,  more  than  30  lives  were  lost.  Only  one  mine,  the  Pique  Central, 
poeeesnes  pumping  uiachiuery  of  any  importance,  con  sitting  of  a  Bullock 
compound  engine  (American)  of  3(XI  horsepower,  and  a  Cornish  duplex  pump. 
Steam  Is  provided  by  seven  Lancashire  boilers  (Galloway)  capable  of  develop- 
ing 200  horsepower  each,  and  from  them  the  8an  r^eon*  Rothrtchild  and 
RamercK  mines  derive  their  Euotive  power,  as  well  as  the  Pique  Central. 
The  author  shows  in  detail  that  the  present  plant  is  inadequate  to  meet 
the  demands  made  upon  it,       British  coal  appears  to  be  the  sole  fuel  used. 

The  remedy  for  the  ditliculties  hinted  at  appears  to  be  the  const niction 
al  a  tunnel  some  28,0UU  feet  in  length,  which  would  reach  the  sump-level 
of  the  workings,  iind  would  be  available  both  for  drainage  and  ventilation. 

L.  L.  B* 
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THE  PARRY  SOUND  DISTRICT,  EASTERN  ONTARIO,  CANADA. 

Mining  JhteJopmentH  in  EuMftrn  Ontario,      By  Kirby  Thomas.       The  Entjiitftnun 
and  Mining  Jovrnaf  [Xew  york']^  1902,  rof.  U'jir.,  jxtfjf^-i  186-  87. 

The  Parry  Sound  district  is  located  on  the  eastern  centre  of  Georj^iaii 
Bay  and  along  Parry  Sound.  The  city  of  Parry  Sound  is  reached  by  dtep- 
water  navigation  from  the  Great  Lakes  by  Georgian  Bay,  and  it  is  the 
terminus  of  the  Canada-Atlantic  railroad. 

The  rocks  of  the  Parry  Sound  district  are  of  the  older  geological  serie-. 
although  their  exact  horizon  is  not  yet  fully  determined,  llie  prevailing 
rocks  are  gneisses  and  schists.  A  peculiar  and  prevailing  rock  about  Parry 
Sound  is  a  gametifcrous  schist.  The  rocks  arc  all  very  much  disturbed 
and  contorted,  and,  at  Parry  Sound  particularly,  show  extreme  flexion- 
There  are  numerous  small  quartz-veins  and  several  large  pcgmatitii-  dykc>. 
In  some  cases  these  dykes  may  be  traced  for  miles,  and  the  prevailing  crystal.v 
of  felspar  and  mita,  with  some  uncrystallized  quartz  and  hornblende,  an- 
massive.  In  the  Valentyne  location,  about  12  miles  north  of  Parry  Siound. 
one  of  these  pegmatitic  veins  is  mined  for  mica  and  felspar.  The  country 
is  very  rough  and  much  glaciated.  Probably  50  per  cent,  of  the  surfacf 
is   glistening    with   uncovered    rock. 

The  principal  mineral  channel  appears  to  lie  parallel  to  Parry  So'.ind 
and  extends  for  many  miles  either  way.  In  general,  it  is  from  l.(M4)  t.. 
1,400  feet  wide,  and  the  mineral  veins  or  beds  orcur  as  extended  and  m''-. 
or  less  parallel  lenses,  having  the  general  direction  of  the  mineral  <*hann«l 
(north-cast  and  south-west),  and  generally  dipping  at  a  high  angle  'T 
almost  vertical.  At  several  points,  the  beds  aggregate  from  '.iCu^  to  4i>" 
fe<*t  wide.  Thcv  are  from  a  few  foet  to  .'^0  or  40  feet  thirk,  and  arr  ef<'iier.»rv 
indicated  on  1  lu*  snrtacc  by  an  iron-stained  eaiii)inor,  'I'lie  ori*  jippoar**  t«»  l-i 
in  the  znrie>  or  fracture-,  along  what  is  probiibly  the  line  ot  .ni  Ujiri-t 
and   there   is  every  ideological  indication   of   goinuf  to  depth. 

The  ore  varie-^  at  different  points.  ])ut  generally  <'ontain>  iroii-pyri-' - 
and  chaleopyrite.  At  soii.e  points,  the  e(>^)per  occurs  a-^  chalcocite  and  bornit*-. 
In  some  locations.  ziiK  occur.s  in  the  form  of  spalerite.  hometinie-,  runniri-,' 
as  high  as  1.')  j)<r  cent.  Some  gold  is  toun<l  with  nearly  all  the  or.>-.  th. 
values  runniiifr  troii;  12>.  C.d.  to  t*2  il  to  !'•  ilollars)  j)er  ton.  In  tl.- 
Latex  mine,  an  as>ay  ot  21  })er  cent,  nickel  Wii->  shown.  The  copp«'r-\  .tl'i. - 
varv  :  -The  Wilcot.  at  a  depth  of  H()  feet,  gavr  a  value  of  9\  ])er  cent,  nc  r.<-- 
a  .iO  feel  vein.  .\t  tlie  McfJowaii  location.  ni;tsse>  ot  bornito  w«  i^hini;  -.ev.  i  . 
ton.->.  running  r.s  high  ;»>  ."ii  per  cent,  in  copj)er.  wcr*-  taken  out  at  i.r  n.>' 
the  surtate  in  o|)en-cut-.  Seven  car-load>  ot  thi>  tire  -^hi])ped  t(»  N«  w  .ler-- 
gave  an  averafj,.  value  of  ](\  per  cent,  in  copper.  It  is  claimed  tin*  tl  • 
Mc(Jowan  ore  ha>  been  thrown  up  from  bc'ow.  and  i^  a'l  indit  .«M.>ii 
what    will   be   tound   at    ch-ptli    in   other   parts   ot    the   /.tmv'. 

The    Parry    Sound    distritt    promise^    to    become    primarily    a    producer    « 
coj)|)<  r.  and  incidentallv  a   ])roduc'T  ot   nickel,  zinc  and  ijold. 

X.Y./. 

ASHKSTOS    IN    CANADA. 

Vn,i(,„iinr,i  in,, I  (;.  Hiinnintf  n>n  A-li'^f  in  ('fn.<i>hr.       Ilij  Kkit/.  Cikkku     X'if^'h 

t'nr  f.mkti^rh,    Cnln,,!.,    MKU,    ml.   .ri.f^i.,.>    \'2:V\'M.>rifh   'An.,nr^^   n.   .''..    '.     '. 

In   r.HM.   the  outjmt   of  asl»(.st.is  throughout   the  worbl   amountod    to   H^* 
tons.    Mh  .',(,()   ()|    whi<  h    \Nere    obtai!K'd    tro   i    Canad  ..     About    l*^7t».    asl».-*'»- 
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deposits  were  discovered  in  the  serpentine-hills  of  Thetford,  district  of 
Coleraine,  in  the  east  of  the  province  of  Quebec,  but  it  was  not  until  many 
years  later  that  the  discovery  was  turned  to  practical  account.  From  1879 
onwards,  the  development  of  the  asbestos-mining  industry  in  the  dominion 
has  been  extraordinarily  rapid,  and  12  companies  are  now  at  work,  with 
a  total  capital  verging  on  ^1,000,000. 

The  author  devotes  his  attention  mainly  to  the  serpentine-  or  chrysotile- 
variety  of  asbestos  (hydrated  silicate  of  magnesia)  as  being  of  far  greater 
industrial  importance  than  the  brittle  amphibole-  or  hornblende-asbestos 
(a  silicate  of  lime  and  magnesia).  The  colour  varies  from  olive-green  to 
whitish,  and  there  is  one  rare  occurrence  known  to  the  author  in  the 
Ottawa  district,  which  presents  an  extraordinarily  fine  fibrous  texture  with 
a  dark-blue  colour.  He  j.oints  out  that  a  fine  elastic  quality  of  asbestos 
always  contains  more  water  than  a  poorer  brittle  variety.  Add  to  this  the 
fact  that,  if  an  asbestos-fibre  be  subjected  for  some  time  to  a  very  high 
temperature,  it  becon.es  brittle.  Evidently,  then,  there  is  an  intimate  re- 
lationship between  the  ([uautity  of  combined  water  in  the  mineral  and  its 
fibrous  structure. 

The  Templeton  variety  was  worked  about  1890  in  the  crystalline  lime- 
stones of  the  Ottawa  district,  but  its  occurrence  was  found  to  be  of  so 
restricted  a  nature  that  the  workings  were  given  up  after  two  years. 
Nevertheless  the  author  considers  the  Templeton  asbestos  of  such  extreme 
geological  interest  that  he  gives  a  lengthy  description  of  the  occurrence. 

He  then  proceeds  to  describe  the  (commercially)  far  more  important 
Thetford  and  lilack  Lake  deposits,  situated  close  to  the  railway  between 
Sherbrook  and  Quebec,  about  150  miles  west  of  Montreal.  He  gives  a  map 
showing  the  distribution  of  the  serpentines  in  the  province  of  Quebec: 
these  occur  in  three  distinct  areas.  The  easternmost,  that  of  the  Gaspe 
Peninsula,  yields  small  veins  of  asbestos  in  the  serpentine,  but  not  in 
sufficient  number  to  repay  working.  Of  the  Mount  Albert  area  too,  the 
same  statcii.ent  holds  good,  but  with  the  reservation  that,  owing  to  its 
inaccessibility,  that  region  has  not  been  suflRciently  investigated.  In  the 
Thetford  and  Black  Lake  district,  the  serpentine  forms  entire  ranges  of 
hills  from  650  to  1,000  feet  high.  This  part  alone  of  the  central  area  yields 
asbestos   in    sufficient   (quantity  to   repay  working. 

The  third  or  south-wesfcrn  district  stretches  from  Danville  into  the  State 
of  Vermont.  The  serpentine  occurs  often  in  the  form  of  isolated  hills,  but 
hardly  anywhere  has  asbestos  been  found  in  large  quantities  so  far.  How- 
ever, that  area  may  repay  more  thorough  prospecting. 

The  Thetford  type  of  asbestos  occurs  in  serpentine  associated  with  black, 
grey  or  green  schists,  also  subsidiary  quartzitic  conglomerates  and  sand- 
stones, all  of  Cambrian  age.  The  association  of  diorite  with  these  is 
noticeable,  and  in  places  the  actual  passage  of  diorite  into  the  serpentine 
can  be  seen.  Granulite,  which  is  often  found  between  the  diorite  and  the 
serpentine,  is  generally  regarded  in  the  district  as  a  good  indicator  of 
asbestos.  This  mineral  occurs  in  irregular  narrow  veins  (4  to  5  inches 
thick  at  most)  in  the  serpentine,  is  very  elastic  and  silky,  and  of  a  dark 
colour.  Black  Lake,  only  4  miles  from  Tlietford,  produces  a  somewhat  more 
vitreous  and  brittle  asbestos,  the  mineral  having  been  probably  deprived  of 
part  of  its  combined  water  by  the  intrusion  into  the  neighbouring  rock  of 
masses  of  eruptive  granulite. 

The  author  mentions,   but  does  not   decide  as  to,   the  relative  merits  of 
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the  two  theories  in  vog^e  concerning  the  genesis  of  the  asbestos-depoeiti. 
The  lateral -secretion  theory  assumes  that  fissures  were  formed  in  the 
serpentine-magma  as  the  result  of  cooling  and  contraction,  which  fiasores 
were  later  slowly  infilled  with  magnesia^bearing  solutions.  The  other  theory 
does  not  postulate  the  existence  of  fissures,  but  derives  the  asbestos  from  the 
alteration  of  olivine  and  serpentine  at  a  very  high  temperature.  The 
workings  are  mainly  opencast,  and  the  better  mineral  is  (or  was  until  lately) 
graded  or  sorted  and  picked  by  hand,  as  it  was  found  that  machine- 
"  picking  "  damaged  the  fine  fibre.  Details  are  given  as  to  the  cost  of 
production  and  relative  amount  of  output  of  the  different  qualities,  from 
"  first  crude  "  down  to  "  asbestic."  L.  L.  B. 


THE  AURIFEROUS  PLACERS  OF  CHILE. 

Las  Lunvclt^ro^*  anriferoM  tie  Chi/e.     By  A.  ORRK(iO  CoRTES.      Bofefhi  fl*-  In  Sociniwl 
NaciounI  fie  Miiirrifi^  1903,  ne-rifff*  3,  /"o/.  .rr.,  jKujej*  49-64. 

In  the  Chilian  placers,  the  gold  occurs  as  a  rule  in  the  form  of  dust  or 
very  small  grains.  Occasional  finds  of  fairly  large  nuggets  are,  however, 
recorded,  such  as  those  seen  by  the  author  at  the  Nahuelbuta  diggings 
in  1895,  which  varied  in  weight  from  6  to  22  ounces  troy.  According  to  the 
analyses  tabulated  by  him,  Chilian  native  gold  always  contains,  in  addition 
to  varying  percentages  of  silver,  small  amounts  of  copper  and  iron.  He 
estimates  the  value  of  the  gold  obtained  from  Chilian  territory,  from  the 
time  of  the  Spanish  rotnju'n*ta<lorfA  down  to  our  own  day,  at  about 
^'100,000,000. 

The  (•()a-;tal  cordillera,  which  range.-;  from  north  to  south  along  the  Pacific 
sealward.  is  chiefly  made  up  of  granitic  rocks,  which  here  and  there  throw 
off  tran?>vcrse  spurs  penetrating  some  15  or  2t)  leagius  iuland.  llie  forma- 
tion is  seamed  by  innumerable  gold-bearing  and  copper-bearing  quartE-vein* 
of  extremely  variable  thickness  (from  several  feet  down  to  fractions  of  an 
inch).  The  gold  in  many  of  the  placers  is  evidently  derived  from  these 
rocks,  the  result  of  weathering  by  various  agencies  and  decomposition.  In 
the  tine  sands,  the  precious  metal  is  distributed  throughout  the  d*»p<»sit 
from  top  to  bottom,  but  in  the  so-called  ra*raJo.<  or  coarse  gravels  the 
gold  is  concentrated  near  the  floor  of  the  placer.  Some  of  the  coast- 
district  placers  lying  at  the  foot  of  the  granite-ridges,  are  covered,  and  havt- 
indeed  been  preserved  by.  a  deposit  many  feet  thick,  of  a  clay  which  is  a 
decomposition-residue  of  the  granite.  Accordingly,  in  order  to  work  the 
placers,  shafts  have  to  be  driven  through  this  clay  to  various  depths. 
until  the  rich  rlrrn  or  bed-rock  is  reached,  as  at   Loica,  Mdipilla.  etc. 

Entering  upon  the  detailed  description  of  the  placers,  the  author  deaU 
first  of  all  with  the  fine  >and>>  of  Carelmapu.  on  the  extreme  southern  c<^!*! 
of  Chile.  Certain  assays  carried  out  by  him  showed  the  proportion  of 
gold  here  to  vary  from  0-09  to  ()"0  per  million,  but  down  on  the  sea-betch. 
where  the  wash  of  the  wav<«s  has  effected  a  sort  of  natural  concentration, 
much  richer  sands  occur,  containing  from  10  to  35  parts  per  million.  Thei*e 
auriferous  sands  have  In'cn  proved  to  a  depth  exceeding  26  feet.  TTu^rr 
are  similar  placers  at  Cucao.  and  at  Chacao  Channel  in  the  island  of  Chiloe. 

In  the  placers  of  Quilacoya.  H  leagues  north-east  of  Concepcion.  the  sand* 
are  coarser,  and  consist  of  tjuartz-grains  (in  part  crystalline),  mica,  and  *hv 
other  constituents  of  grauite.  'ITie  native  gold  ot^curs  in  the  form  of  flakes, 
and   was  evidently  derived   from  quartz-veins  in   the  neighbourhood. 
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The  coarse  auriferous  gravels  of  Marga  Marga  rest  upon  granitic  rocks 
and  those  of  Catapilco  on  syenites.  An  American  syndicate  was  organized 
seyeral  years  ago  to  work  the  last-named  placers  by  hydraulicking,  and 
expended  nearly  the  whole  of  its  capital  in  cutting  canals  and  other 
preparatory  works,  only  to  find  that  the  water-supply  was  inadequate. 
Nothing  further  appears  to  have  been  done  in  the  matter  since  then. 

After  referring  to  the  placers  of  Loica,  Yale,  AndacoUo  (the  coarse 
gravels  of  which  have  been  profitably  worked  for  centuries),  Casuto,  etc., 
the  author  points  out  that  placer-deposits  all  over  Chile  are  still  awaiting 
development  by  modem  methods.  Those  concerned  appear  to  be  hesitating 
as  to  the  best  method  of  working  them.  For  the  instruction  of  his  country- 
men, the  author  proceeds  to  give  a  short  description  of  the  principal  methods 
in  use  in  the  United  States  and  New  Zealand,  such  as  hydraulicking,. 
dredging,  etc.  L.  L.  B. 


THE    COPPER-MINES    OF   TAMAYA,    CHILE. 
El  Mineral  de  Tamaya.     /iy  Isaac  Varas  C.     Acttt  de  la  Soc'n^t('  Scifnitifiqiie  du 
Chili,  1901,  t^.  x/.,  ;)a(7e«  30-41. 

This  mining  field,  which  in  its  day  ranked  among  the  first  of  those  where 
cupriferous  veins  were  worked,  is  at  present  in  a  state  of  decadence,  chiefly 
for  two  reasons: — (1)  Many  of  the  best  veins  have  been  worked  out,  and 
(2)  the  levels  in  several  of  the  mines  have  been  invaded  by  water  and  sub- 
merged. On  the  other  hand,  it  is  yet  possible  that  in  the  still  unexplored 
portions  of  the  field,  new  metalliferous  veins  may  be  discovered  which  will 
serve  to  keep  the  industry  alive  for  a  longer  period  than  can  at  present  be 
foreseen.  Its  forlorn  condition  is,  in  the  author's  opinion,  mainly  due 
to  the  drowning  of  the  workings.  This  began  with  the  rains  of  1888;  and 
then,  the  exceptionally  wet  winter  of  1891  caused  floods  in  the  mines,  the 
effects  of  which  it  was  the  less  possible  to  stave  off  that  there  was  a  concur- 
rent scarcity  of  labour  due  to  the  unsettled  condition  of  politics.  From 
that  time,  a  sort  of  paralysis  seems  to  have  overtaken  Tamaya,  but  the 
recent  rise  in  the  price  of  copper,  though  it  has  hardly  made  itself  felt 
in  its  full  force  there  as  yet,  will  undoubtedly  prove  beneficial — from  the 
miners'  point  of  view.  A  few  fresh  workings  have  been  opened  on  the 
secondary  veins,  and  renewed  activity  has  been  lately  evident  in  old  mine* 
that  were  formerly  of  considerable  importance.  Among  these  may  be  men- 
tioned the  Llano  Blanco  and  the  Patos  mines. 

The  author  describes  briefly  the  mines  working  the  principal  vein.  The- 
deepest  is  the  Rosario  mine,  which  goes  down  to  1,935  feet  vertical  below 
the  outcrop.  At  this  depth,  the  vein  still  yields  good  ore,  containing  2& 
per  cent,  of  metallic  copper.  The  Lecaros  gallery,  the  greatest  work  of  its 
kind  in  South  America,  after  a  course  of  upwards  of  1^  miles,  debouches 
into  this  mine  at  the  depth  of  920  feet;  and,  forming  a  natural  drainage- 
level,  it  has  in  part  preserved  the  several  mines  with  which  it  communicates- 
from  being  flooded  out.  The  Guias  mine,  not  reaching  a  depth  of  more  than 
623  feet  below  the  outcrop,  comprises  an  immense  extent  of  unexplored 
ground,  and  there  is  reason  to  believe  that  it  will  prove  of  great  importance 
in  the  future.  Innumerable  mines  have  been  opened  up  on  the  secondary 
veins:  among  these,  the  Patos  mine,  already  mentioned,  has  yielded  good 
masses  of  ore,  containing  from  28  to  30  per  cent,  of  metallic  copper. 

The  revival  of  the  mining  industry  of  Tamaya  depends,  in  the  author's- 
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opinion,  firstly,  on  a  systematic  exploration  of  the  still  untouched  areas; 
secondly,  on  a  combined  drainage  of  the  mines  by  means  of  an  electric  plant, 
and  by  lengthening  the  Urmeneta  gallery  so  as  to  communicate  with  and 
drain  the  mines  of  the  northern  portion  of  the  field;  and  thirdly,  on  the 
unification  of  the  mines,  as  far  as  possible,  under  one  management.  The 
railway-freights  are  very  high,  and  the  remedy  would  seem  to  be  the 
purchase  by  the  Chilian  Government  of  the  line  which  runs  to  Tongoi. 

L.  L.  B. 


THL  MINING-FIELD  OF  CARACOLP:S,   CHILE. 

Contcoffi:    Rtrista  Miiifrn.      By    Felipe    Labastie.       Bof*tiu    ffe    In    Stuifdnd 
Xaciona/  d*  Mineriuy  1Jj03,  j*erie<  3,  rot.  a:/*.,  jmtjt't  113-12.'),  nnd  1  itlnh. 

For  the  past  fifteen  years  the  four  silver-produciug  provinces  of  Northern 
Chile  have  suflFered  much  from  the  loug-continued  crisis  which  has  befallen 
the  world's  trade  in  that  metal,  and  the  annual  output  is  now  barely  10 
per  cent,  of  what  it  was  in  the  years  between  1840  and  1894.  But  what 
affects  the  district  of  Caracoles  more  especially  nowadays  is  the  want 
of  enterprising  capitalists,  and  the  need  for  more  extensive  exploration- 
work.  In  former  times,  mining  was  carried  on  there  in  an  unmethodical, 
wasteful,  reckless  fasliion,  but  the  author  appears  to  think  that  capital  and 
ku<)wlcdge  prudently  and  methodically  applied  will  assuredly  bring  al>out 
a  revival  of  the  mineral  industry  on  a  grand  scale.  Attention  is  directed 
to  the  three  principal  mines  still  at  work  in  the  district. 

The  Valencianita  mine  works  the  great  reef  known  as  the  Corrida 
de  Seiida.  vvliidi  lius  bi-en  proved  over  a  length  ol  2  miles:  ])arallel  to  tlii-^ 
(.'J,:]ou  it'ft  to  tlic  west)  runs  the  reef  known  as  tlic  (Jraii  Corrida  clo  Car;u«.l»'-. 
wliicli.  witli  its  hit'iircations  extends  over  a  leiij^th  ot  5^  miles.  H.»th  an* 
extremely  rieli.  ilu're  are  iiininnerable  veins  and  veinlets  trausvi  rse  rn 
these,  varying  in  thiekhess  from  2  inches  to  6\  feet.  Tlie  ore  is  got  in  the 
Valencianita  mine  between  the  depths  of  .*$«.">  and  oJH)  feet;  the  IJerut-rvii^ 
mine  did  not  strike  really  }>ayablc  t>re  till  a  depth  of  ><U>  feet  had  !•«  cii 
reached,  and  tlie  author  makes  a  point  of  the  fact  that  mnch  ore  in  ('ara<<>U* 
remains  to  he  worked  at  fairly  considerable  deptlis.  The  Sud  Ani'ria 
mine  also  works  (he  (Iran   Corrida   de  Caracoles. 

A  hiief  (Ic.Mription  i.>^  jixiven  of  the  ^eolofi^y.  irom  which  it  m.iv  U- 
gathered  that  the  Jurassic  rocks  are  overlain,  as  \>ell  as  intruded  inr.i 
and  much  crushed,  di>turhed  and  otlierwise  altered  by  later  eruptive  p.  r- 
phyrics  and  trachyt»s.  Kspec  iaily  is  it  at  the  (  ontact  witli  the  porphyr:*-. 
that  tli<'  metallilerous  veins  are  «)l>scrved.  To  the  eruptive  phentniiena  a>.> 
does  the  author  attribute  the  rutj<»'ed  contours  oi'  the  diNtri<"t. 

Stress    is    laid    on    the    splendid    results    attained    in    tlie    Hecuerdo    mine, 
thouj^'h   inllows  ol    water  at   first,   and   tlien   diflicultie^  of  ventilation,    had   * 
be    overcome.     The    infilling    of    the    vein    is    very    com)  lex — there    are    >-'Tii 
carlxmated   and   sul|huiettr(|    nrc^   nt    lead,   silver  and    iron,    as    wtll    a-.   !iati\^' 
silver. 

Altiioui^'h  not  explicitly  stated  to  be  so,  tlii>  })aper  a])}HMrs  to  ciin^fitute 
the  fir>t   .)f  a  s(>ries  on  the  Caracoles  district.  L.  L.  B. 
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THE   MINERAL   RESOURCES    OF   ECUADOR. 
LeA  Ott^H  miiiiraux  de  V Eq\uitenr.     By  C.  Van  Isschot.     A»nnh:H  (let  Miuct^  1901, 
aeries  9,  vol.  xx,y  pagen  97-102. 

At  present,  in  the  statistics  of  production  of  precious  metals,  Ecuador 
occupies  a  lower  place  than  her  neighbours,  Peru  on  the  south  and  Colombia 
on  the  north,  and  yet  in  the  old  days  of  the  Spanish  domination  the  territory 
of  Ecuador  was  one  of  the  chief  areas  o^  gold-production  on  the  American 
continent.  The  output  of  silver  on  the  other  hand  was  never  considerable, 
and  by  no  means  corresponded  to  the  natural  resources  which  Ecuador 
possesses  in  the  shape  of  argentiferous  veins.  Mining  enterprise,  checked 
by  the  war  of  independence  against  Spain,  remained  in  abeyance  until  1876 
when  the  Ecuadorian  government  initiated  some  prospecting  work,  especially 
in  the  Zaruma  district.  Thereupon  several  companies  were  formed  to  work 
the  gold-quartz  reefs,  but  what  with  insufficient  capital,  and  what  with 
bad  management,  they  all  came  to  grief  within  a  short  time. 

At  present,  only  two  mining  companies  are  at  work  in  the  Republic  of 
Ecuador.  One  works  the  auriferous  quartz-reefs  which  cut  through  the 
porphyries  of  the  Zaruma  district,  some  50  miles  distant  from  the  Gulf  of 
Guayaquil.  The  "  reefs "  average  40  inches  in  thickness,  and  contain 
gold  in  the  free  state  down  to  depths  of  80  and  100.  feet:  below  this  the 
gold  is  generally  found  in  combination  with  sulphides.  In  the  Mina  Grande, 
where  the  *'  reef  '*  attains  a  maximum  thickness  of  20  feet,  the  average  yield 
of  gold  is  20  parts  per  million,  of  which  only  one  third  can  be  extracted  by 
amalgamation.  So  far  it  has  not  been  found  possible  to  treat  the  remainder 
with  economically  satisfactory  results,  even  by  the  cyanide  process.  The 
district,  which  covers  an  area  of  about  40  square  miles,  is  traversed  by 
numerous  streams  and  torrents  capable  of  furnishing  abundant  motive 
power.  Timber,  for  structural  purposes,  is  very  costly  on  account  of  the 
difficulties  of  transport,  and  there  is  no  fuel  naturally  available  on  the 
spot.  The  free  gold  is  really  an  alloy,  of  734  parts  of  gold  with  266  parts 
of  silver  per  1,000. 

In  the  province  of  Esmeraldas,  huge  auriferous  placers  are  being  worked 
by  a  company  on  the  hydraulicking  system  along  the  banks  of  the  Rio 
Santiago.  The  average  yield  is  estimated  at  4d.  or  5d.  per  cubic  yard. 
The  author  has  prospected  other  placers  near  Angostura,  Uimbi,  Cachavi 
and  Bogota,  and  estimates  that  a  similar  output  could  be  obtained  from 
them,  but  these  are  at  present  being  worked  by  the  blacks,  who  are  content 
to  extract  just  enough  gold  to  supply  their  very  primitive  wants.  All  these 
gold-bearing  alluvia  contain  platinum. 

No  serious  work  is  being  done  on  silver-mines  at  present.  Some  ores 
were  exported  to  Germany  in  1893-1894,  and  one  lot  of  77  tons  sold  at 
Freiberg  yielded  1  per  cent,  of  silver,  and  a  small  proportion  of  gold. 
The  mine  whence  these  were  got  is  now  abandoned,  for  want  of  capital. 
Water-power  (in  abundance)  and  timber  (both  for  structural  purposes  and 
for  fuel)  are  available  on  the  spot.  The  ore,  chiefly  iron-pyrites 
and  copper-pyrites,  with  argentiferous  grey  copper-ore,  could  be  very 
economically  treated  by  lixiviation.  Abandoned  silver-mines  are  also  to  be 
found  in  the  neighbourhood  of  Canar. 

Argentiferous  and  auriferous  pyrites,  mixed  with  galena,  occurs  in  a 
thick  vein,  off  the  Cuenca  road,  some  34  miles  from  Guayaquil.  The  ore 
yields  on  assay  15  to  22  per  cent,  of  copper,  10  to  40  per  cent,  of  lead,  and  as 
much  as  0*6  per  cent,  of  silver.    Moreover  argentiferous  galena,  containing 

yoi^  i.riT.— |Ma-i90t,  o 
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up  to  025  per  cent,  of  silver,  has  been  found  at  several  other  localities, 
especially  at  Malacatos  near  Loja. 

Mercury  does  occur  in  the  metallic  state  in  various  alluvial  deposits, 
but  nowhere  in  such  quantity  as  to  repay  working. 

Petroleum  is  found  along  the  Pacific  seaboard,  in  strata  belonging  to 
the  same  geological  formation  as  those  whence  the  oil  is  obtained  farther 
south,  in  Peru.  It  impregnates  sandy  beds  close  to  the  surface,  and  the 
inhabitants  dig  shallow  wells,  10  to  12  feet  deep,  where  the  oil,  dripping 
out  from  the  sand,  collects,  together  with  brine.  The  author  thinks  that 
if  adequate  search  were  made,  by  means  of  deep  borings,  industrially  ini- 
portant  natural  reservoirs  of  oil  would  be  struck. 

Anthracite  is  recorded  from  Riobamba,  and  exploration  work  is  pr<v 
ceeding  on  a  lignite-deposit  near  Loja.  The  coal-outcrops  of  Azogues,  Mala- 
catos and  Penipo,  even  if  they  prove  workable,  are  so  far  in  the  interior 
of  the  country  that  the  difficulties  connected  with  transport  are  likely 
to   constitute   an   insuperable    obstacle   to    successful    enterprise. 

The  mining  legislation  of  Pk;uador  is  conceived  in  a  very  liberal  spirit. 
An  annual  tax  of  £^  on  mines  in  full  work  is  payable  to  the  State,  and 
in  cases  of  suspension  of  work  the  tax  is  reduced  to  ITs.  The  necessary 
plant,  tools,  explosives,  chemical  reagents,  etc.,  can  l)e  imported  into  the 
country  free  of  duty.  In  fact,  the  sole  obstacles  to  mining  enterprise  are 
the  absence  of  roads  and  the  want  of  capital.  L.  L.  H. 


THE   PETROLEUM-INDUSTRY   OF   PERU. 

La  Tndmtna  ihl  Pttroho  ph  el  Pern  en  1901.  liy  Alejandro  (Jakland.  /^*/''/^ 
(if^l  Cutrpo  tie.  lufjeniwos  de  Minn'<  del  f'triiy  UHyij  Xo.  *2,  14  /♦'i«/"«  fti"!  4 
placet. 

At  the  end  of  1901,  no  less  than  269  concessions  for  working  p<>trolfun. 
had  been  taken  out,  most  of  them  being  situated  in  the  districts  <if  TumU> 
and  Payta.  In  the  former  district,  a  French  syndicate  and  an  Italian  hrn 
appear  to  he  the  chief  concessionaries,  while  in  the  latter  district  a 
British  company  and  an  American  syndicate  take  the  front  rank.  Alwnit 
a  fifth  of  the  total  number  of  concessions,  in  the  hands  of  various  individu.i^o 
and  companies,  remain  so  far  unworked. 

The  total  sales  of  Peruvian  crude  oil  in  the  year  19U1  amounted  t.- 
6.4(X),0(K)  gallons,  those  of  kerosene  to  51(),92()  tjallon**.  Iwnxinc  U".7  41-' 
gallons,  and  residues  l,9H.^.r)(K)  gallons.  Of  this  output  by  far  the  preat«  r 
portion  is  credited  to  the  London  Pacific  Petroleum  Company  nf  Talara.  an«l 
nearly  the  whole  of  the  remainder  to  the  Piaggio  establishment   at   Zt»rnt.»^ 

The  French  syndicate,  after  a  lapse  of  two  years,  resumed  bi>rinjj  mjh  r.»- 
tions,  putting  down  .'>  lK)re-holes.  in  some  cases  to  a  depth  «»t  1.*m«>  te»  ■ 
without  striking  oil  (except  an  insignificant  (jUantity  at  about  *»m»  ft^t 
belowground).  The  American  syndicate,  whose  property  lies  about  I" 
miles  farther  north  of  Talara.  at  Amarillos.  had  **o  far  put  down  only 
one  boring,  to  a  depth  of  1,2<)()  feet,  and  tlii'^  without   striking  oil. 

In  round  numbers,  the  oil-field  employs  at  present  about  'AU)  j>«'r>»«'n> 
and    the   concessions   cover   an    area    (»f   '.i,7U')   acres   or  so. 

No  very  definite  opinion  can  be  hazarded  at  present  (according  tn  'h. 
author)  as  regards  the  future  of  the  industry.  The  result  o!  the  }H»nni:- 
carried   out    h(»   far   is   to   show    that   the  nearer   the    sea-shore   they   an-   pu: 
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down,  the  greater  are  the  probabilities  of  striking  oil.  Natural  reservoirs 
of  any  importance  have  only  been  found  on  the  coast,  at  Zorritos,  Punta 
Farinas  and  Punta  Agujas.  It  looks  as  if  the  great  bulk  of  the  petroleum- 
deposits  lay  out  to  sea,  beneath  the  waters  of  the  Pacific,  and  as  if  a 
portion  of  the  Peruvian  coast-line  merely  marked  the  eastern  fringe  of  the 
field.  Evidence  is  cited  in  confirmation  of  this  hypothesis,  and  attention  is 
drawn  to  the  fact  that  the  newly-discovered  petroleum-deposits  near  Los 
Angeles  in  California  are  largely  worked  beneath  the  sea.*  Their  output 
is  more  than  twelve  times  as  great  as  the  Peruvian.  L.  L.  B. 


THE  CROWN  MOUNTAIN  GOLD-MINE  AND  MILL,  GEORGIA. 
Tht  Crown  Mountain  (iold-mine  and  Mill,   (Iftorrjia.      By  Heiiby  V.  Maxwell. 
The  Engineerimj  and  Mining  Journal  [New  York],  1901,  vol.  Ixxii,,  pages 
355-356,  with  4  illHHtraliouH  in  the  text. 

The  Crown  Mountain  mine,  Dahlonega,  Georgia,  possesses  the  first 
thoroughly  equipped,  combined  mining,  milling  and  sluicing  gold-plant  in 
the  south,  and  is  the  first  to  utilize  water-power  in  generating,  and  trans- 
mitting electrically,  power  for  gold-mining  purposes. 

Hydraulic  mining  being  the  basis  of  this  enterprise,  water-rights  were 
secured  at  a  point  12  miles  from  Dahlonega,  where,  by  making  2  miles 
of  canal^  the  union  of  three  streams  was  effected  without  dams,  and  the 
head-waters  of  the  Chestatee  river  dropped  97  feet  upon  a  wheel  of  800 
horsepower  capacity.  Directly  connected  on  the  water-wheel  shaft  is  a  two- 
phase  generator  of  5CJ0  kilowatts.  The  wheel  and  dynamo  run  at  514 
revolutions  per  minute,  and  deliver  568  amperes  per  phase.  The  current  is 
generated  at  440  volts,  transformed  to  three-phase  at  12,000  volts,  then 
transmitted  12  miles  to  the  mill,  and  13  miles  to  a  pumping  station  on 
the  Chestatee  river,  at  the  foot  of  Crown  Mountain,  where,  at  both  points 
it  is  again  transformed  to  two-phase,  at  400  volts,  and  used  at  that 
pressure  on   all   the  motors. 

At  the  pumping  station,  a  Dean  triplex  pump,  operated  electrically  and 
geared  to  its  motor  in  the  ratio  of  20  to  1,  easily  lifts  1,500  gallons  of 
water  per  minute  through  a  12  inches  pipe  to  a  reservoir  on  Crown 
Mountain  about  550  feet  above  the  river.  From  the  reservoir,  the  water  is 
distributed  to  four  monitors  or  giants,  three  operating  under  a  pressure 
of  some  200  feet  near  the  base  of  the  mountain,  while  the  fourth  is 
w^orkiug  upon  the  saprolite-bodies  of  the  summit ;  this  giant  is  acting  under 
direct  pressure  from  a  force-pump  driven  by  compressed  air.  The  air- 
compressor  also  furnishes  air  for  hoisting,  drilling,  etc.,  at  two  working 
shafts  us  well  as  for  operating  the  force-pump.  From  the  points  of  opera- 
tion of  the  giants  over  5,000  feet  of  flumes,  supplied  with  riffles  throughout 
their  length,  have  been  constructed,  and  through  these  flumes  the  entire 
product  of  the   mine  is   sluiced  to  the  mill. 

The  heavy  ore  is  broken  with  hammers  into  sizes  admitting  of  trans- 
portation through  the  flumes,  and  an  arrangement  of  grizzlies  within  the 
flumes  separates  the  finer  from  the  coarser  sizes.  The  ores  are  dealt  with  in 
the  usual  way,  the  heavier  ore  first  passing  through  a  Dodge  crusher, 
and   thence  into  the  feed-bins.       Here  are  placed   50  stamps  of  950  pounds 

♦   Trans.  Inst.  M.E.,  1901,  vol.  xxii.,  page  729. 
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in  10  batteries  of  5  each.  Through  these  the  ore  passes  on  to  10  Wilfley 
tables.  The  finer  ore  passing  through  the  grizzlies  is  treated  on  two 
Huntingdon  mills,  below  which  are  also  Wilfley  tables.  In  both  mills. 
electro-plated  copper-plates  are  used  for  the  amalgamation  of  the  free  gold. 

X.  Y.  Z. 


GOLD-MINING   IN  THE  SOUTHERN  APPALACHIANS. 

Goid-jnining  in  the  Sottthtm  AppcJachiaua.  By  Joseph  Hyde  Pratt.  Th' 
Eitgineeriiuj  and  Minhifj  Journal  [Xttr  Y'otk']j  1902,  roi.  /.r.ri/*.,  jtmjf^ -^'lil 
212. 

The  area  embracing  the  gold-fields  of  the  Southern  Appalathians  extrnd» 
from  near  Baltimore  in  a  south-westerly  direction  across  Maryland,  Virginii. 
North  and  South  Carolina,  Georgia  and  Alabama.  The  writer  gives  a 
synopsis  of  the  mining  being  done  in  the  south,  with  the  exceptitm  of 
Georgia,  which  is  not  considered  in  the  paper,  either  statistically  or  other- 
wise. 

Gold-mining  in  the  region  has  been  prosecuted  for  over  a  century,  but 
systematic  mining  has  not  been  undertaken  until  within  the  last  do.adt 
of  the  nineteenth  century.  With  the  exhaustion  of  the  placcr-dep<»!*it!*. 
attention  was  turned  to  the  veins  from  which  they  had  been  derived.  A* 
a  rule  these  veins  contain  low-grade  ores  in  quantity,  and  it  Ik  the  meth«>d 
of  treatment  rather  than  the  amount  of  ore  that  retiuires  consideration. 
Many  of  the  ore-bodies  consist  of  beds  in  the  schists  and  slates  impregnatt»d 
with  auriferous  pyrites  and  of  imperfectly  conformable  lenticular  veins  and 
stringers  of  quartz.  Where  the  upper  portion  of  these  have  been  thciroiighlr 
altered  and  decomposed,  they  were  formerly  worked  for  their  fr»'»*-p»»!«l 
contents,  hut  as  sulphides  were  eiu-ouutered  they  were  abaudnued.  Th*  •*< 
large  deposits  of  low-grade  ores  are  capable  of  l)eing  mined  in  ennrniMUH 
(juantities,  and  offer  a  promising  field  for  a  cheap  process  of  reeoverins: 
the  values.  While  the  chlorinatiou  process  has  l)een  worked  successfully,  it 
is  highly  probable  that  the  cyanide  process  can  be  adapted  to  these  ore-*. 

During  the  past  ten  years,  the  production  (a|  art  from  (irorgi.»>  li.i- 
averaged  about  t'4().(M)<)  (2()().(Mi()  dollars)  |K'r  annum,  the  larger  j  r«»porn.  : 
of  which  has  come  from  one  or  two  mines,  showing  clearly  that  when  thc>' 
low-grade  ores  are  worked  on  a  large  scale  they  they  can  be  treated  protitaMv 

Many  natural  conditions  favour  mining  in  this  region:  forests  f<»r  luniUr 
mine-timber  and  cord-wood  are  near  at  hand;  (luap  labour  is  ;il.\ind.i't 
and  skilled  labour  is  als;)  cheaper  than  in  the  western  mining  cani|)^ 
climatic  conditions  permit  nearly  continuous  niininjjf  all  the  year  r«>und  .  a'a\ 
at  many  of  the  mining  localities  there  is  abundance  of  water-power  a\. li- 
able for  the  installation  of  electric-power  plants.  X.  Y.Z. 


('()AL-MI\TN(i    IN    KANSAS. 

KaiiMtiH  Ctxt/  inlnln(i.      liy    W.    K.   Ckank.        Tlf    Kiojiii' i  rimi  nm/    Miintxj  ./.,• 

[X*ir     York],     1901,    /o/.    /.oj/.,   fnvi>s  74.S-7r)*J,    irith    7    ifl„.tnttum>    >..    ''•' 

The  coal-area  of  Kansas  comprises  about  2t).(H)()  s(|Uare  miles.  witJ  tr 
the  western  Central  area  of  Carboniferous  strata.  About  three-fourths  I'l  tlii^ 
field  is  productive,  the  western  portion  being  barren.     Mining  is  most  exteu*p«- 
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in  the  south-eastern  part  of  the  State,  principally  in  Cherokee  and  Crawford 
counties.  Taken  as  a  whole,  the  coal  is  uniform  in  quality,  and  the  bulk 
of  it  is  bituminous  coal.  At  Cherokee,  Cherokee  county,  the  coal  was 
found  by  test  to  have  the  highest  calorific  value  of  any  in  the  State, 
15  pounds  of  water  being  evaporated  for  every  pound  of  coal  burned  (sicj. 
At  Osage  City,  the  calorific  power  drops  to  about  10  pounds,  and  continues 
to  decrease  towards  the  higher  geological  horizons  on  the  north  and  west. 

The  Kansas  coals  occur  in  shale-beds,  alternating  with  limestone-strata  of 
varying  thickness  and  an  occasional  unconformable  sandstone -bar,  usually 
lenticular  in  form,  which  partially  or  entirely  cuts  out  the  coal.  These 
beds  of  sandstone  are  more  abundant  in  the  southern  part  of  the  State.  The 
Weir-Pittsburg  lower  seam  averages  about  40  and  the  upper  about  30 
inches  in  thickness.  The  lower  stratum  dips  westward  at  about  16  or  20  feet 
to  the  mile,  while  the  lower  stratum  dips  with  an  inclination  of  from  6  to  8 
feet  per  mile  less,  indicating  that  during  the  interval  between  the  deposition 
of  the  two  beds,  there  was  an  excessive  westerly  thickening  of  the  shale- 
deposits.  No  serious  faulting  exists,  although  it  is  true  that  faults  with 
displacements  varying  from  a  few  inches  to  8  feet  have  been  met  with. 

A  peculiar  feature,  especially  in  Cherokee  and  Crawford  counties,  is  the 
common  occurrence  of  what  are  known  as  **  horse-backs  *'  or  "  clay-veins." 
The  source  of  these  disturbances  was  probably  the  Ozark  uplift,  the  centre 
of  which  upheaval  is  located  a  hundred  miles  or  so  to  the  eastward.  The 
Kansas  coal-beds,  lying  as  they  do  at  the  outer  limit  of  the  disturbed  area, 
were  only  slightly  affected,  and  as  a  rule,  only  fissures  were  formed.  After- 
ward, the  pressure  of  the  superincumbent  strata,  acting  on  the  clay-beds 
beneath  the  coal,  forced  the  clays  upward  into  the  fissured  strata,  thus 
forming  the  clay-veins  known  as  '*  horse-backs." 

Besides  horse-backs,  there  are  other  formations  known  a^  "  pots," 
"  kettles "  or  "  bells,"  which  seem  to  be  exaggerated  forms  of  unconform- 
able strata  commonly  known  as  "  rolls "  and  "  slips.''  The  origin  of  the 
horse-backs  and  bells  is  quite  different;  the  horse-backs  are  younger  than 
the  coal-seams  that  they  intersect,  while  the  bells  and  the  coal-strata  were 
formed  contemporaneously.  As  for  the  rest,  the  bells  were  probably  the 
result  of  cessations  in  the  deposition  of  the  formative  materials  produced 
by  external  conditions,  such  as  exist  to-day  in  swamps  and  sluggish  streams, 
where  eddy-currents  and  sudden  inrushes  of  sediment  and  organic  matter 
are  of  common  occurrence. 

The  existence  of  these  numerous  horse-backs  and  bells  exerts  its  effect 
both  on  methods  of  prospecting  and  actual  working.  Test-holes  must  be 
drilled  at  any  point  where  a  shaft  is  to  be  sunk.  Serious  loss  has  resulted 
from  the  ignoring  of  this  rule.  In  one  case,  a  shaft  was  sunk  ^  mile 
distant  from  a  test-hole  in  all  confidence  that  the  same  conditions  would  be 
found,  but  the  completion  of  the  shaft  discovered  the  fact  that  the  coal  had 
been  cut  out  or  rendered  useless  by  the  great  number  of  horse-backs  that 
crossed  and  re-crossed  each  other. 

The  most  prevalent  system  of  working  is  room-and-pillar.  There  are 
two  reasons  for  this: — (1)  Tlie  mines  are  comparatively  shallow  and  the 
surface-lands  valuable;  and  (2)  the  coal  being  so  much  cut  up  by  horse- 
backs, these  can  without  difficulty  be  utilized  as  supports  for  the  roof.  The 
room-and-pillar  system  is  most  practised  in  the  counties  of  Cherokee,  Craw- 
ford and  Bourbon,  in  which  counties  the  horse-backs  are  most  abundant. 
In  the  mines  farther  north  and  north-west,  the  seams  are  thinner,  the  horse- 
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backs  are  less  numerous,  and  more  longwall  working  is  found.  But  by  far 
the  greater  part  of  the  coal  is  mined  by  room-and-pillar,  though  nearly  as 
many  mines  are  worked  by  one  system  as  the  other.  Coal-mining  machines 
have  been  used  quite  extensively  in  some  mines,  and  are  still  employed  in 
longwall  work,  although  not  so  much  as  formerly.  X.  Y.  Z. 


THE  QUICKSILVER-MINES  OF  BREWSTER  COUNTY,  TEXAS. 
The  Quichiilvtr-mineji  of  BrewMter  CourUy,   Texas.      By  E.   P.   Spalding.       Th* 
Engineering  ami  Mining  Journal  [New   york]^  1901,   I'd.  Ixxi.,  pageA  749- 
750,  with  8  illntfrationM  in  the  text. 

In  the  south-western  part  of  Brewster  county,  Texas,  present  indications 
point  to  one  of  the  most  important  and  productive  deposits  of  cinnabar 
in  the  United  States.  The  locality  is  within  what  is  known  as  the  **  Bijf 
Bend  County,"  and  lies  about  10  miles  north-east  of  the  entrance  to  the  Grand 
Canon  of  the  Rio  Grande. 

The  country-rock  is  a  Cretaceous  limestone  upheaved  by  igneous  pre- 
trusions  and  cut  by  igneous  dykes  and  faulting  planes.  Much  evidence  exist!, 
of  the  action  of  powerful  currents  of  water.  Stream-beds  and  dry  washes 
have  cut  several  hundred  feet  through  the  hard  limestone,  and  the  denuda- 
tion has  been  enormous.  A  section  of  the  strata  obtained  in  the  Grand 
Canon  is  1,700  feet  thick.  The  main  belt,  in  which  the  cinnabar  <»ct•u^^ 
in  payable  quantities,  is  confined  to  certain  well-defined  limits,  constituting 
a  zone  6  miles  long  and  2  miles  wide.  Prospecting  has  proved  the  existenct' 
of  large  quantities  of  surface-ore  ranging  from  ^  to  5  per  cent,  of  quick- 
silver, and  considerable  quantities  have  been  found  ranging  up  to  is  por 
eent.  Very  high-grade  ore  occurs  iu  ViuiicheH  and  pockets,  u^^saying  from  U* 
to  78  jxT  cent.,  and  these  pockets  have  been  found  with  sufficient  frtn^uciuv 
to  raise  materially  the  average  tenour  of  the  large  quantity  of  low-gradr 
surface-material    now    being   furnaced. 

The  cinnabar  found  here,  as  a  rule,  is  of  the  crystalline  variety,  havins: 
the  characteristic  colour  of  pure  cinnabar.  Quicksilver  is  also  found  in  tho 
native  state  filling  cavities  in  the  limestone,  and  as  globules  in  creviro-* 
of  rocks  impregnated  with  cinnabar.  As  a  rule,  the  cinnabar  i> 
found  impregnatiug  a  clay-like  rock  or  marl,  and  the  softer  portions  of 
th<'  lim«'stone  and  breccia  along  faulting  lines  and  in  calcite-venis  .iini 
stringers.  Hut  the  writer  has  noted  it  in  every  class  of  rock  fouud  in  th. 
district,  even  as  a  coating  on  an  eruptive  l>asaltic  rock.  This  points  \o 
a   very  general   distribution   of   the   metal    throughout    the   zone. 

The  rich  pockets  occur  as  replacements  of  the  count ry-nn^k.  and  in 
phues  there  is  evidence  that  the  mineral-bearing  solutions  have  c.»nu< 
up  through  fissures  and  deposited  their  metallic  contents  at  points  when 
conditions  favoured  concentration  and  deposition.  Tliis  would  |K>int  to  a 
surta<e  rather  than  to  a  deep-seated  deposit,  and  while  there  are  rt»a>ons  tor 
supposing  that  workable*  values  will  be  fouud  at  considerable  depth,  murli 
remains  to  be  proved  seeing  that,  as  yet.  the  dee|)est  working  is  only  u'l 
feet  from  the  surface.  During  the  visit  of  the  writer,  several  nuggt^ts  oi 
nearly  pure  cinnabar,  worn  smooth  and  round,  were  found  in  a  ra\inv 
Investigation  resulted  in  the  discovery  of  a  pocket  from  which  about  2«> 
tons  of  ore  was  taken,  assaying  from  4<»  to  75  per  cent.,  or  Wtween  12. '»•>»* 
and    f.'J.OOO  (12.UK)  to   15.000  dollars)  in  value.  X.  Y.  Z. 
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II.— BAROMETER,  THERMOMETER,  Etc.,  READINGS  FOR 
THE  YEAR  1902. 


By   M.   WALTON   BROWN. 


The  barometer,  thermometer,  etc.,  readings  have  been  supplied  by 
permission  of  the  authorities  of  Glasgow  and  Kew  Observatories,  and  give 
some  idea  of  the  variations  of  atmospheric  temperature  and  pressure  in  the 
intervening  districts  in  which  mining  operations  are  chiefly  carried  on  in 
this  country. 

The  barometer  at  Kew  is  34  feet,  and  at  Glasgow  is  18U  feet,  above 
sea-level.  The  barometer  readings  at  Glasgow  have  been  reduced  to  32 
feet  above  sea-level,  by  the  addition  of  0*150  inch  to  each  reading,  and  the 
barometrical  readings  at  both  observatories  are  reduced  to  32°  Fahr. 

The  statistics  of  fatal  explosions  in  collieries  are  obtained  from  the 
annual  reports  of  H.M.  Inspectors  of  Mines,  and  are  also  printed  upon 
the  diagrams  (Plates  XXVI.  and  XXVI I.)  recording  the  meteorological 
observations. 

The  times  recorded  are  Greenwich  mean  time,  in  which  midnight 
equals  0  or  24  hours. 


Table  I.— Summaey  of  Kxplosions  op  Fire-damp  oe  Coal-dust  in  the 

SEVERAL  MiNES-lNSPECTION   DISTRICTS  DURING   1902. 


Fatal  Accidents. 

Nun-fatal  Accidents. 

Minea-inapection  Districts. 

No. 

Deaths. 

Injured. 

1 
1 
0 
9 
0 
0 
0 
1 
1 
18 
1 
0 
1 

No. 

Injured. 

6 

5 

0 

6 

0 
11 
13 
22 
67 

0 
14 
32 

6 

Cardiff      

Durham    ... 

Ireland      

Liverpool 

Manchester 

Midland    

Newcastle-upon-Tyne 
Scotland,  East     ... 
Do.       West    ... 
Southern  ... 
Staffordshire 

Swansea 

Yorkshire 

2 
1 
0 
4 
0 
0 
2 
4 
H 
1 
2 
2 
2 

9 
1 
0 

14 
0 
0 
4 
9 
4 

16 
2 
2 
2 

5 

3 

0 

2 

0 
12* 

8 
18 
45 

0 
11 
24 

5 

Totals      ... 

2H 

63 

33 

133* 

172 

'  Including  an  exploaion  by  which  no  persons  were  injured. 
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Table  II.— -List  of  Fatal  Kxplobiohs  of  Fiue-damp  oe  Coal-dubt  i> 

Ck>LLIBBIS8  IN  THB  8EVBBAL  MINB8-INBFBOTION  DI8TBIGTB  DUBIKO  1902. 


, , 

Bo.  of 

im. 

OoUfary. 

Dtotrieta. 

DMifat 

vSSS. 

Mar. 

8,  18-20 

PemhertOQ          

LiTerpool     

2 

0 

April 

2,  2016 

Gawwood    Hall    (No.    9 

Sinking  Pit) 

Do. 

9 

2 

9* 

8,    9-80 

Qlencraig 

Sootland,  East 

4 

0 

»l 

19,    8-80 

Benartj 

Do. 

1 

1 

Hay 

14,    60 

Todmorden  Moor 

Torksbire     

1 

0 

W 

21,    7-80 

Dinnington         

Newcastle-npon-Tyne 

I 

0 

June 

4,    8-0 

Fochriw 

Cardiff          

8 

0 

July 

4,  2016 

Woodborn           

Ne  wcast  le-upon-Tjne 

8 

0 

*f 

8,  13-80 

Elba         

Swansea       

1 

0 

)i 

y,   8-30 

Wrezbam  and  Acton      .. 

Liverpool     

Cardiff          

1 

6 

f> 

19,    7-45 

Collena 

1 

1 

26,    6-40 

SbutEnd(No.  18  Pit)... 

Staffordsbire 

1 

0 

., 

26,    70 

Cleland 

Scotland,  East 

1 

0 

i» 

29,  20-80 

Darran     

Swansea       

1 

0 

Aug. 

I,    7-80 

Pumphenton  (Oil-Hbale) 
Bkelfvton  (No.  8  Pit)  ... 

Scotland,  East 

8 

^  1 

»» 

16,  14-40 

Scotland,  West 

2 

u    ! 

«> 

23.    2-80 

Park  Mill 

Yorksbiie     

1 

1    , 

Sept. 

3.  28-80 

McLaren 

Soutbem      

16 

IS    1 

Oct. 

8,    9-80 

Blair  (No.  2  Pit) 

Scotland,  West 

1 

1 

,, 

16,    8-30 

Holmeide  (Oswaltl  Pit)... 

Durham        

1 

1 

Nov. 

26,    70 

Prior's  Lee  (SUflford  No. 

2  Pit) 

Suffordshire 

1 

1 

Dec. 

1,  15  30 

East  Plean  (No.  8  Pit)... 

Scotland.  West       ... 

1 

0 

t» 

9,    7-0 

Orrell       

Liverpool     

2 

I  1 

63 

.13    1 

Table  III.— List  of  Non-fatal  Kxplosions  of  Fikk-damp  ok  ('oal-dc«t  in 

C0LLIEUIE8  IN   THE  SEVERAL    MiNES-INBPECTION    DiSTBICTS   DURING    1902. 


Colliery. 


Minos-iiupeciioD 
DirtrioU. 


I  Nu.of 
•luJurvU 


Jilll.        1, 

ftO  .. 

1 
Co^vdenbeath         

!  Scotland,  East            ...        1 

1. 

iy;io.. 

.    Go8|>el  Oak 

j  Siaffonitibirc 1 

1. 

lM)-30.. 

Netherton  (Bridge  Pit)    ... 

'             1)0.                            ...         I 

0 

io-4->. 

Kmloy  Mwr           

Yorkshire        1 

\.      «! 

7-30.. 

(latefiide      

!  Scotland,  West                     1 

>^. 

5-30.. 

Ka*t  Plcau 

i           l)o.                       ...        1 

10, 

S-30.. 

Kelty            

Scotland,  East            ...        1 

IS. 

1315.. 

Kllistown     

1  Midland           1 

•23, 

r.'3().. 

Fair:ie(Xo.  3  Pit) 

Sirutiand.  West           ..          3 

24. 

«i:>.. 

Shakonhurst            

'  Staff(»rd»bire 2 

24. 

21-30.. 

K.>M»haH  (Xo.  5  Pit) 

;  Scotland.  We«t            ...        -J 

Fi'h.      r,, 

100  .. 

Kjrlintun  (No.  1  Pit) 

Do 1 

•»        "• 

7-30.. 

Cymmer  (ilyncorrwjr 

Swansea          ...                   1 

!♦, 

14-.30.. 

Clv<iach  Mcrthyr 

l)u.                       ...        1 

10. 

u-:<o  . 

Cwm            

('anlilT 1 

i:i. 

u;-3o... 

dlencraij,' 

Scotland,  East                      I 

14, 

ITiO  ... 

Uo8s(N(..  1  Pit)     

Scotland,  West            ...        1 

17. 

7-30... 

Hor.'^eh'v      

Staflford.^hire 1 

1\ 

30  ... 

L'K-hwiilxl  (No.  3  Pit)      ... 

Scotland,  West          ...        1 

ly. 

3:u»... 

<ilang:irnaiit 

Swansea          3 

ly. 

li>30... 

Whanicliffe  (iannistcr     ... 

Yorkshinr        1 

23, 

23-45  .. 

Camlori-:;:  (No.  1  Pit) 

Sootland.  Went           ...        1 

24, 

0-30... 

Garw  Kechan  (No.  2  Pit) 

Swansea          1 

^ ..         24, 

22  30... 

TanAeld  1.ca          

Ne  wcast  le-upon-Tjne         1 

Mar.      7, 

16-0  ... 

Pantmawr 

Swansea         3 
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Tablk  III.— Continued. 


1902. 

OoUiery. 

Mineft-lnapection 
DistricU. 

No.  of 
Pernona 
Injured. 

Mar. 

8,     9-0  ... 

Blairhall      

Scotland,  East 

»» 

10,     5-45... 

Greenhill     

Do. 

•> 

11,  12-30... 

Dunnikier 

Do. 

fi 

17,     80  ... 

Maypole      

Liverpool 

>» 

17,     9  30... 

Noyadd        

Swansea           

T» 

20,  12-0    .. 

Woo<ihall 

Scotland,  West 

»» 

21,  18-30... 

Noyadd        

Swansea          

,, 

21,  220  ... 

Allantoii  (tTo.  2  Pit) 

Scotland,  West 

»» 

2«).  100  ... 

Allanton  (Kn,  2  Pit) 

Do. 

♦  • 

29.     7  0  ... 

Uf>.'.  nfit'ld  (No.  7  Pit) 

Do. 

t  April 

14,  200  ... 

UiiMvyii  UhonddA 

Swansea          

1      " 

14,  200  ... 

Xethertmj    HV  3  Pit)     ... 

Scotland.  West 

„ 

15,  14-30... 

Ui^'fof>6                    

Do. 

>' 

16,  130  ... 

U>chwo^>l  (No  B  Pit)       ... 

Do. 

»' 

19,  20-0  ... 

Ciydaeh  Mertbyr 

Swansea          

1      »' 

21,  1-2-45.. 

(iftrtjihore  (S*o.  y  Pit) 

Sc«)t]and,  West 

., 

30,     8-30... 

Blackwell 

Midland           

1  May 

2,  23  30... 

('ri«;gflestone            

Yorkshire         

., 

6,     6-30... 

Mud  Hall 

Staffordshire 

" 

9,     6-30... 

Greenlield    (Threestonehijl 
No.  7  Pit)          

Scotland,  West 

M 

9.  15-0  ... 

lUrchrock 

Swansea           

1           >» 

14,  1115. 

Coiieyjjre  (Lve  Cross  P»t) 

Staffordshire 

16,     70  .. 

Dillwyn        

Swansea          

„ 

17,     6-30... 

Ciieiiewydd 

Do.              

»» 

26,  140  ... 

Monkland 

Scotland,  East 

Juue 

3.  100  ... 

Donisthorpe            

Midland           

»» 

3,  180  ... 

Braid  hui-8t 

Scotland,  East 

»♦ 

10,     40  ... 

Houldsworth           

Scotland,  West 

., 

11,  16-30... 

Stargate      

Newcastle-upon-Tyne 

»» 

21,  10-30... 

Kiltou  (irfinsitoDe-mine)   ... 

Durham           

1 

'» 

23,  13-30... 

[>iaaioijil 

Swansea          

»» 

26,  21-0  ... 

8kellyton  (No.  3  Pit) 

Scotland,  West 

V 

28,     7-15... 

Glencraig 

Scotland,  East 

July 

2,  14-30... 

Morriston 

Swansea          

»» 

4,     7-20... 

Avonhcad    

Scotland,  East 

M 

6,     8oO... 

CliftOQ         

Midland          

»» 

8,     630... 

Swalwell      

Newcastle-upon-Tyne 

1 

M 

8,     8-30... 

Pantycelyn 

Swansea          

., 

8,  15-30.. 

Dunston      

Newcastle-upon-Tyne 

>» 

»,     615... 

Machan        

Scotland,  West 

11.  22-30... 
14,     8-0  ... 

Portland      

Wester      Gartshore      (No. 
1   Pit) 

Midland           

Scotland,  West 

1 

»» 

21,     30  ... 

Blaenclydach          

Canliff 

») 

23,  15-30.. 

Barglachan  (No.  2  Pit)    ... 

Scotland.  West 

>» 

26,     6-16  .. 

Grange         

Staffordshire 

»» 

29,  1215... 

South  Hiendley     

Yorkshire         

»• 

30,  15-30... 

GriJff             

Midland          

Aug. 

4,  110  ... 

Gadder  (No.  16  Pit) 

Scotland,  West 

»» 

6,  14-45... 

Cousland  (Oil-shale) 

Scotland,  East 

»? 

6,  23-30  .. 

Hook            

Swansea 

«* 

8,  140  ... 

KftUi  n  (ironet  ontf-  m  i  n  e)    . 

Durham           

>» 

16,  13-0  ... 

U-jwhill  (No.  2  Pit) 

Scotland,  West 

i» 

17,  21-0  ... 

( i  f Ofcn  fle  Id    (T  h  retsstoneh  i  1 1 
No,  7  Pit)         

Scotland,  West 

>» 

18,  15  30  . 

Wo.>d  Farm  (No.  4  Pit)  ., 

Staffordshire 

»» 

22,     8-30... 

MeiiroH 

Cardiff 

♦» 

22,  11  30... 

Portland  (So.  4  Pit) 

Scotland,  West 

i» 

22,  16-0  ... 

DiilEiel 

Scotland,  East 

196 


BAROMETER,  THBRMOMEtER,  ETC.,  READINGS,  1902. 


Table  III. — Continued. 


>.,. 

Oolllery. 

Min<»-insp(H:tion 
Diatricte. 

No.  of 
PenoiM 
iDJand. 

Anj,'. 

23, 

5-30... 

Dalziel         

Scotland,  East 

)f 

23, 

710... 

Ibstock         

Midland          

ft 

25, 

1-30... 

Elli8muir(No.  3  Pit) 

Scotland,  West 

)) 

26, 

11-30... 

Wharncliffe  Gannister 

Yorkshire        

Sept. 

3, 

8-0  ... 

Birkrigg  (No.  2  Pit) 

Scotland,  West 

" 

3. 

90  ... 

Rigfoot        

Do. 

ti 

3, 

12-0  ... 

Thankerton  (No.  4  Pit)    ... 

Do. 

»» 

6, 

7-30... 

Dumbreck  (No.  2  Pit)      .. 

Do. 

8, 

6-0  ... 

Main  Coal 

Liverpool        

,, 

10, 

1430... 

Noyadd        

Swansea          

M 

15, 

200  ... 

Onllwyn       

Do. 

»» 

16, 

930... 

Pye  Hill      

Midland 

16. 

19-30... 

Birchrock 

Swansea 

2 

,^ 

19, 

7-30... 

Law 

Scotland,  East 

, 

22, 

90  ... 

(Jartsherrie  (Gartcloss  Pit) 

Scotland,  West 

23, 

14-30... 

Shawsbum 

Do 

29, 

6-30... 

Arniston       

Scotland,  East 

Oct. 

6, 

210  ... 

Ha^lerigg 

Newcastle-upon-Tyne 

J) 

7, 

160  ... 

Onllwyu       

Swansea 

8, 

5-45... 

Wallyford 

Scotland,  Kast 

M 

9, 

130   .. 

DoniMthorpe            

Midland           

9. 

1615... 

Tower          

Cardiff 

»» 

11, 

80  ... 

Donisthorpe 

Midland           

„ 

14, 

9-30... 

Ynypcedwyn           

Swansea          

2 

?* 

15, 

23-30... 

Back  worth 

Newcastle-upon-Tyne 

3 

>• 

21, 

10-0  ... 

Exhall          

Midland          

0 

23, 

3-0  ... 

DuJffrvn  Rhondda 

Swansea 

1 

,, 

24, 

120  ... 

Oldnall         

Staffordshire  ... 

1 

,, 

2j;. 

loo  ... 

II  oil  !(!.<  worth 

Scotland,  West 

2 

31, 

7-30... 

Taiinochside  (No.'3  Pit)    . 

Do 

2 

Nov. 

<I, 

2()  ... 

Bo^rieshole  (No.  4  Pit)      ... 

Do 

I 

., 

6, 

9-0  ... 

U0S.S(N().  1    Pit)      

Do.            

1 

^, 

H, 

19-15... 

Wallvford 

Scotland.  Ka.'it 

1 

18, 

00  ... 

Cadder  (No.  17  Pit) 

Si-otland,  We.<t 

1 

,, 

2U, 

1215. 

Swan  wick    ... 

Midl.'iiid            

1 

20, 

15-30... 

Meiklchill  (No.  5  Pit) 

Scotland,  Wcjit 

2 

., 

27, 

llo  .. 

Wcllshc.t  (No.  2  Pit) 

Do 

2^, 

8-0  ... 

(!wuijiv()n 

Swansea 

-J 

28, 

9-30  . 

Bourirceliill    (Capring^toiic 
No.  7  Pit)           

Scotland,  West 

28, 

21-0  ... 

Puiuphcrston  (Oil -shale)  .. 

Scotland.  East 

29, 

t>o  .. 

Kllismuir  (No.  3  Pit) 

Scotland,  West 

2 

I>C<". 

1, 

22  0   .. 

(Joalfoot       

!)<» 

5, 

7-30... 

Maritime  Level 

Cardiff              

»• 

5. 

21  0     . 

Scatoii  l)elaval 

Newcastle-upon-Tyne 

9. 

7-15... 

SVaunycoed              

Swansea 

,. 

9, 

20-30... 

(iran«;c 

Stafford8hire  ... 

12, 

7:{o  . 

Wcsthum  (No.  2  Pit) 

.S'ot land.  West 

., 

!<:, 

9  15... 

North  Klsvvick        

Ne\v.a.Htle.iijK)n-Tyne 

17, 

140   ... 

I'.flitilrc         

Staffordshire 

., 

29, 

IHO    .. 

L(K-hwo(xl  (No.  3  Pit) 

Sc<»tland,  West 

" 

30, 

17  3n  .. 

Brusstlton 

Durham 
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jANUAitT,  una. 

KMW. 

BabOmxtxb, 

si 

li 

TSXFSKA- 

1! 

ssw 

1 

1 

4A.M 

10*.«* 

4r.iE. 

IOf.m 

53  0 

45-3 

s 

4A.M 

IOa.m 

4  r.M. 
30-311 

10  p.m. 
2a'76S 

1 

> 

44-0  39*8 

130-773 

20-S34 

a»'65i 

29-307 

aw 

1 

1  29*101 

39-462 

a  2»-i«i 

ao-aao  ao  448 

1 20  6^3 

53-3 

45*1 

w 

2 

128  770 

'  2g-0i0 

39-102 

29-444  '  47  0   409 

w 

3|a»*8ii 

3»-9Ba   itO  9^ 

130  001 

52  3 

390 

sw 

3 

^-617 

29-5S5 

29-572 

29-576   51*1143-2 

sw 

4  ^B-MS 

29^913    29-819 

129  94^ 

h'l'I 

410 

sw 

4 

39*537 

i  39-503 

ify  454 

'£9'im   4«'6   40*8 

wsw 

& 

30'OOe   30117   30 '2tH 

,'  30  437 

47-3 

3S6 

w 

5 

20-615 

1  29-99:. 

.Njo,46'4   40-1 

WNW 

C 

30  4£L    :»--l5]    30-4A€ 

3*1-550 

50-1 

39*3 

w 

6 

;jo-o?t* 

30-U; 

.70 

49  9   4.VI 

WNW 

7 

:W  5m3   UO  G2&   JO  iSld 

3oaoj 

46-6 

39-4 

w 

7 

30-272 

3tf'2lr 

,    .         i^l 

49-4   45-5 

w 

e 

30  5d'l   30  53ei30*M2 

^30-353 

44-3 

41-6 

w 

8 

30-356 

30  229 

vKKliiS    WUOO 

46*9  4^-9 

sw 

9 

ao-z.'^r  30  2i7:ao-i<i8 

30- U6 

5LP7 

41 '0 

sw 

9 

30-613 

39*666 

20-835  3975B 

48*1 

•  43*8 

W9W 

10 

30-1:21    30  Oea  301}43 

30-068 

52-3 

47' 7 

sw 

10 

29756 

5^*774 

29-783   2»'90f» 

44-8 

,36-0 

WNW 

11    30039   a>'128  '  30*1711 

30-lSl 

Bt>-7 

41-6 

II£ 

11 

29*9i5 

30-102 

30135   313125  (370 

32-3 

N 

ja  ,  tiO'l2^   30-009  >  30-Ui{j 

30097 

4^-0 

410 

s 

12 

aO'006 

2y  &b7 

29-^71    :i0'l57,39'4 

,39-3 

W 

13    ;fU179   30  398,30  352 

30-440 

431 

33-7 

Nt£ 

13 

30^^48 

30347 

a0  4l5    30-5<K!    33  4 

23  7 

ESE 

U    30506  30ei9  aO'fiTS 

30792 

35-7 

28*3 

l^E 

14 

30-565 

1  JU  652 

3iJ*<H7 

30  675    2a  9 

208 

aw 

IS 

30839   30'Bi8  30*789 

30-720 

38-0 

24*1 

w 

15 

3(t'558 

!  30-508 

J0474 

30'4S-4 

47-6 

253 

W 

1    16 

i3U-05a  30065   30  681 

;Kl'6i3 

44-3 

39-0 

w 

16 

30-410 

30-494 

30-504 

30-531^ 

49  1 

463 

W 

17 

.3iJ-6tX>  30-5321^-440 

30-379 

44-8 

40-3 

w 

17 

30-472 

30-410 

30*m>5 

30-275 

46-6 

39  9 

w 

IS 

;30--(30   30-346  1  S0'330 

30-377 

440 

31-1 

K 

18 

30-345 

30-252 

30-333 

30-315 

42  1 

38-3 

aw 

10 

lao-aes  soiatfiJOSTo 

30-341 

41-8 

27  0 

N 

10 

90-148 

30-063 

29-973 

29-833 

44  6 

30-4 

w 

» 

«ha«9  30'ee4 1^*231 

30-279 

49-7 

41  «i 

W9W 

20 

30-735 

3S-79i 

29-802   jai  966 '40-3 

43-7 

w 

SI 

ao-aSS  30'Sfl4  30  S23 

30*373 

511 

45-2 

W 

21 

m-mi 

30035 

:iO0ti5    30  008  148  6 

43-1 

wsw 

>r 

3D-3I3 130  390  90^367 

30308 

51-9 

47-5 

w 

23 

30-060 

39-103 

:iO'OB5   30033    19  I 

43-8 

w 

28 

80iS0  ^O-SOSi  30-003 

29959 

48  3 

43  3 

wgw 

23 

39*073 

30-904 

39  729  39550 

4£-5 

451 

sw 

U 

ao-OBi  3»'i31   2&36G 

20-207 

47-0 

36-0 

s 

24 

39-332 

29-056 

2g  971    28-900 

15  9 

3J'5 

wsw 

m 

a»U6  39-197  39S75 

30-446 

392 

31-9 

w 

35 

28-043 

S8-07fJ 

39-164   29-472 

9iAi 

307 

w 

» 

29*673  20-811  30-813 

a9-7sa 

38-7 

33-1 

w 

2e 

29-575 

39-323 

39*634   29-578 

33*1 

25*9 

NW 

27 

a0*547  ao-4U  ^A05 

29-480 

476 

35-0 

w 

27 

29  463 

30-454 

39-339  39*150 

30-3 

25-8 

i; 

28 

ao-274  30-198  29'ai4 

:i9'562 

44-5 

35*5 

8W 

28 

30-029 

29-154 

29-443   29-670 

33*9 

38-3 

NME 

S9 

80-785  30-007  i»-iao 

30-180 

38-0 

29-8 

NNW 

39 

29-814 

ag-M) 

30  066  30*3^ 

34-3 

24*1 

N 

30 

30-383  30-417  30 -51  (J 

30-619 

38-1 

39-9 

N 

30 

:i0-433 

30-588 

30  673  30*tai 

18-5 

1S*8 

W 

SI 

aO-63^  3(r5»5  30'373 

30*330 

37-5 

34-3 

HE 

31 

30-915 

30-969 

30-958  1  30-982 

347 

14-fi 

BITS 

FBBfiUAKT,  l&OZ, 

1 

30-628 

30-595  30  373 

30-330 

38*8 

325 

NE 

1    30952 

30-9S0 

30*811 

30*733  379   2S'4       E 

2 

3D-lflO 

90-iea  30  072 

30-065 

34-9 

31-5 

NB 

2 

mmr 

30*538 

30*^30 

30-391    40-0  36-9 

E 

3 

30*OBO 

30-044  3U-0fl2 

30-074 

35-3 

32-5 

NB 

3 

30-303 

30-277 

30-198 

30-229  141-3  37-1 

E 

4 

aO'OTS 

30*111 1  30*«4 

30-096 

356 

328 

SE 

4 

30*209 

30-313 

30-iia 

30-061 '38  9  341 

ESE 

S 

SOWS 

30-030 !  29  SS& 

29-707 

364 

32-2 

ESE 

^  i 

39-067 

2^8TO 

20-7tl 

29-596   35-3   28  0 

SW 

3 

ao-ABO 

29-514 120*403 

39-36S 

3fr3 

32-9 

NNE 

6^ 

29-464 

29390 

29-303 

29-326  38-6  338 

SW 

7 

23-343 

38-4131 39-441 

80-455 

388 

317 

N 

7 

29356 

30-410 

39-417 

29-418   361   295 

ESE 

8 

90-aao 

20-338 '  S9-352 

29-338 

37-3 

53-0 

ES£ 

8 

39-398 

29-435 

29-420 

20-380   33-3  24- 2 

ENE 

ft 

aoiies 

30-47S  30-475 

2&'5l!3 

38-9 

30-1 

W 

9 

29-dOl 

29-329 

29-3fl9 

39-485  38*1   348 

W 

10 

30-531 

20-647   20-550 

29  634 

34-4 

27-3 

NE 

10 

20-530 

29*638 

20-636 

20-547 

350  il6-l 

w 

11 

20-704 

29-771 ,  29-790 

29  856 

39-2 

24-4 

W 

11 

39-557 

29-649 

39-721 

i*9-782 

33-2  26-4 

W 

12 

80-884 

38*940  30-911 

39*931 

37'0 

24-0 

N 

12 

i»-745 

20-SO3 

29*847 

29*893 

34-7 

ao-a 

NW 

13 

29-887 

39-013  39*896 

20-969 

37-3 

20-61 

N 

13 

29907 

29  973 

3U'9«4 

30*040 

34-1 

30-3 

esE 

J4 

99^^ 

30-973  30*688 

30*135 

337 

27-4 

N 

14 

30003 

29  941 

29-967 

30-083 

41-1 

18-3 

W 

15 

30-130 

30^246  30-383 

SO'SOO 

361 

237 

KNE 

15 

ao-138 

30*103 

30-iia 

30-078 

39-5   20-9 

ssw 

1« 

30'»77 

30-296  30-160 

30061 

36-2 

17-7 

£8E 

16 

89-991 

39-954 

39^877 

39'Se5 

40-1 

35-1 

saw 

17 

30-327 

20  929   »»-»0() 

90-976 

400 

21-0 

NE 

17 

39-8a2 

30S88 

39-964 

30-000 

38*9 

30-4 

N 

18 

29-097 

30-036   30-011 

30-037 

36-0 

3Vfl 

NE 

18 

30-CilO 

30-033 

29*974 

29-982 

37-1 

28-6 

ENE 

19 

80-029 

30-050   30  04(* 

3o-oe7 

36-4 

337 

ESE 

19  1 

20-971 

30-010 

30-021 

30-076 

40-3 

35-4 

£ 

90 

30-073 

30-061    3O0V6 

30  069 

37*1 

S39 

E 

20 

30097 

30-109 

30*052 

30*010 

38*3 

35-6 

8 

n 

30061 

30-061   30-017 

30-023 

470 

34-3 

E 

21 

39*934 

29-912 

39-858 

29-837 

37-4 

34-3 

8 

29 

28-971 

29*945   29-850 

29'8U7 

49-1 

3;i-] 

SSE 

23 

39-7» 

20703 

29-630 

29*5«8 

42-6 

37*3 

BSB 

23 

29745 

39-750  20741 

39726 

50*3 

437 

S 

23 

29-409 

29-560 

39-547 

30-615 

480 

382 

NITE 

24 

20*608 

29-633    29-607 

20-038 

48-0 

43-8 

8E 

24 

29-497 

39-500 

89-511 

29-566   49'8 

44-3 

SE 

sa 

29*627 

29-628   29-613 

29-634 

47-7 

38-9 

E 

25 

39*563 

29*689 

aB*d05 

38-017   46-9 

400 

EKE 

36 

29  504 

29-565   29-433 

39*275 

47-1 

378 

E 

36 

39-680 

20-562 

30*436 

a9-341,42  1 

33-3 

E 

37 

20-220 

29  248   20-252 

29-318 

40-8 

42i) 

SW 

27l 

2»'206 

29-189 

39-179 

29-316;  37-4 

33-0 

H 

28 

29-350 

29 '478  I  S9-493 

29-554 

52-6 

39-2 

SW 

38 

29*314 

29*233 

29*290 

20-380  38-9 

34-9 

i; 

i 

198  BAROMETKK,   THKRMOMETEU,    ETC.,   READINGS,    liK)2. 

MARCH,  1902. 


KEW. 

GLASGOW. 

Baromktkr. 

Tkmpera- 

TUU£. 

•si 

Barometer. 

Tempera-    ^  5 

TCRE.          -i 

z  - 

1 

1 

—     -     -  ^ 

"Z  « 

1 

1 

lA.M.   IOa.V. 

1 

4  P.M. 

10  P.M. 

Max  Min. 

i 

§"0 

Pi 

1 

4  a.m. 

10  A.M.  4  p.m. 

10  P.M.  Max 

Min.     ll 

1 

29-557   29-602 

29-629 

29  727 

51-6   35-6 

sw 

'i 

29-416 

29-484   29-506 

29  555  47  2 

363     SSE 

2 

29-771  ,  29-862 

•^9-8^1 

29  967 

53- 1    34-0 

SSE 

1^ 

29-582129  660    29736 

29-780  47-4 

tl-9     i^W 

3 

29-986  1  3()0:t2 

29  999 

<0040 
3007* 

51-3    37-2 

SW 

29-758   29  711    29655 

29  719  46-9 

391        8 

4 

30-037   30060 

.•W020 

46  9   37-2 

SE 

29-759   29-8-25    29  857 

29  897  40  9 

43-4     SW 

5 

30-J-63   30  095 

300« 

30060 

470    35-2 

£ 

.', 

2-J-H70   29-K73    29-929 

29  931  47  6 

42  2    W3V 

6 

30-024   30-038 

29-934 

21)  937 

51-9   31-7 

NW 

i'l 

29-ei76   29-h77   29-a34 

29-8.33  46-5 

42  9    W8W 

7 

29-904   29-928 

29-903 

29-947 

51-9   300 

W 

7 

29-a31  1  28-879    29870 

29-871  52  1 

42-6    KSW 

8 

29-938 ;  29-888 

29-8-22 

29-775 

51-3   42  7 

w 

>. 

29-768 '29  686    29  5U 

29  4=>9  48  1 

433       W 

9 

29-702  ,  29-768 

29-839 

29-906 

5S1    46-9 

NW 

t' 

29  545:29  687    29721 

29-732  48-4 

427       W 

10 

29-895  '  29-960 

29-963 

3inm 

49-7   43-7 

E 

Jii 

29-76S  1  29-840   29873 

29-9-29  51    - 

42  3       W 

11 

29-988   30-006  j  29-988 

;<o-013 

49  9   40-6 

SSW 

11 

29-948,29-987   29947 

29-942  46  4 

39^       B 

12 

W-020  1  30-039 

29-991 

30-035 

53-7   40-7 

s 

i^ 

29-8H2  '  29-8:U   29737 

29  795  47  9 

39-6    S^W 

13 

30031    30050 

30  012    SOOt.'i 

hSl   35-8 

8 

IJ 

29-738   29-615    29-701 

29-760  48-1 

319     SW 

U 

3i>-024   29-9iM) 

29-h3l    29-535 

53-0   38-2 

SSW 

14 

29-742   29  709    29-604 

29  532  48  4 

39-0     SW 

15 

;:9  595   2981 7 

29-903   30-014 

52-8    42-8 

WNW 

15 

29-540   -29-641    29-r39 

29-860  47-2 

38  2    WSW 

16 

30-035    :«0-120 

30-133    3)-i07 

5t'2    40-9 

NW 

16 

29-910  130-029    30048 

30-042  50-5 

373       W 

17 

30195,30-218   30170  1  30"  172 

59-2    39-9 

W 

17 

30-007    30  002    29-959 

29  891  51-3 

45  8     bW 

18 

30-101    30-091    30008  1  29  989 

50-6   43-0 

SW 

18 

29-769   29  684    29616 

29  694  49  1 

42  9     SW 

19 

.9-931    29-91 1,29-793!  29-67* 

55-1    41-8 

W 

19 

29-66'J   29  598    29349 

28  y05  44  9 

38  4    W8W 

20 

29  473   29-363   29-284 

29-10^ 

J9-7    400 

wsw 

20 

•28-916   28-927    '28-905 

28-917  44-6 

.T36       W 

21 

29-291    29-271    29-228 

29-250 

-0-1    37-9 

8W 

21 

28  902    2H  93;{    28  952 

29  009  42-3 

SV8   W3W 

22 

29-2>8   29-263  |  29294 

29-367 

46-6   35-7 

W 

22 

2V988   29-(»23    -29047 

29  142  44  8 

34  2    W8W 

23 

;:9-367    29-410  129442 

29-540 

49- 1    31-8 

W 

23 

29-202   29-305    29-:i60 

29  441   441 

34-6       S 

24 

29-578  ,  29-551  '  29288 

29-082 

46-6   32-5 

s 

24 

29-397   29  2-('J   29147 

29-2^3  44  1 

2»-4      E8E 

25 

29-190  j  29-521  129-697 

29-846 

48-6    .35-2 

NW 

25 

29-387   29  522    29606 

'29  659  43  4 

31 -S    WSW 

26 

-^9-899  '  29-964   29953 

29-851 

47-4   32-6 

W 

26 

29  670  29-707   29  705 

29  643   41  8 

31-5       W 

27 

29-663   29-723 '  2l»-736 

29-H54 

57-7    39-8 

W 

27 

2<)  575    -29-573    •2t»  613 

29  719  46-0 

Ul    ENE 

28 

29>H2    29-911    29-911    21*  IHN  '  .Mi-J    4;{-:{ 

W 

2H 

29  7J2    29-7»)7    29-sO<t 

2l»772   47  1 

37-5     N.NE 

29    -iiiSTi   2i)-7:\:y   2<j:>77  r-'0-7;»;»  ,  T)')  y    Hi 

SW 

29 

29  r)^'!    2'.*-35<;    2!«  575 

29  7n;   49  5 

38- i»       .N 

30 

•29-917    29-94«J    2t»-h9.r  29-!»'2r) 

iSu   liiio 

SW 

30 

29S15    2*.*-8l5    29-H(«.'> 

2l«767  4.3.4!:$  12       W 

31    29«78    '2*JiHi2  .  2y7l»6  \  2*J-737 

1       _       1              1              1 

<)0  0   13-2 

w 

31 

29-6;;  {    29-5;»8    29  525 

2<*4*J3  50  1    37  1       W 

1 

AI'KIL 

,  m 

)2. 

1    '.»9»)2I    21»-.'>7«J   i'I»  5.{o   -J!**;*;.-)   .S51    tJ  <t 

SW 

1 

29;;»;;  2Jt  ;v;s  ;::i-4is 

*2it  531     4.5  9    .17  4       W 

2    2'J-7'27   2HH17   2y''l.')   2nsii»   .'►(•i    :;h»; 

NNE 

2 

29592    •^9<Js(.»    29  66;} 

•2i»h21     *s  1     34  9    NSN'.^ 

3  29Mi:j  i»;>-7i».=i  2v6hj»  lilt  txi  :,2-7  ;wi» 

SW 

3 

29-.S(»2    29  4^1     29  415 

"2!»4M     4i«<     K.'.        -A 

4    L't'hlli    25«  S9;i    21«I»Jti    l*!tJ»*il    olM    :i'f7 

W 

4 

29  •  4  P »   2i* '  597    21*  •  7(  ""J 

29  77'>    4s;i     >>  5    WN'^ 

5    -jy-i^.'n    l.>H-:{9    'Jl»  7"s    L'i»  7;i7   f,2  7    ;5<«  o 

SW 

5 

•29  777    29si_'    2i»-87;l 

2?' 974    46  4     >;2      K-F 

6   l'!>kV)  :M)(tl«»  30115  .m  L':;<»    ^77  ;k)-7 

N 

6 

.3(>(»7l   :{oi5i    :;'»iiK> 

34 •2.52    4*>  »*     '0  4     KSK 

7   :{«f27r>  3(r:{i7  :{<• -'n-'i ,  ;;i» -js*)   r>i   .{lii 

NE 

7 

.'iO'J*^    .Jii  1^5    :i<>-237 

:t'»-224    4-.»)    .l»-.  2    \^SW 

8   34J2JL'  ;{()-2.'7  :{"i:,c   ;;«ii.v;    ij  o  ;{ti<» 

K 

?< 

.')''1''2  :ity  171   .i(t  12  4 

.$•»  159    4*;  {   ;u  .i    VNK 

9   ;{<)129  :ut  i:{;»  :i«t(!»i   ;^»iu   i7i  :{.'»•.} 

ENK 

j» 

.•;<tl(.7    {OK-,    ;{oH,', 

:M161    SJ  a    Xi  1     KNt 

10  ;)«to74  ;i<io:,M  2i*t»'.<:»  lii*  !»;»♦>  -u;  j  ;>«i:i 

NK 

1(1 

:»  17,5   ;m-1vi    30117 

MiUU,    52  4    a;  3        K 

11    LI*  IMo    2I»K{<'    I.'!>71-'    Jl*  7;n    4«1    3*)«i 

NE 

11 

.ioli  9    ;i4>(t27    2t»  ''9.'; 

•29.S71     44  2     iri  2      K^E 

12    2;«-7"!i    2If7->-{    21»-7M»    L'l'H'l    .V-' :{    Uf2 

S 

12 

29779    J!»7iii    i»9  6s'> 

29fft»H    iJiu    :i7  i    LSI 

Hi    21»H.^»<»   2i»I»:n    21»  !»Jn    LV*  •♦7!»   Mi  5   :{>*rH 

NW 

III 

•29  »;i»o  •J9^»;:»4  29-674 

29  73.5    4.S-'»    Xi.\        S 

14    2H  1»70    -1>!m;i    •^}»s»2    2;'M7    .V)  <»    .{2  s 

E 

u 

29 Tt'**    2'»'«'Mi    29"7*.*0 

■2l«  7S7    .^2  fi    :t>  2       S 

15    29  7<>i    2!»oi:>    2*^:)7:)    21»  •►•17    .'>!•  7    U'.J 

E 

15 

2l<  770    •2l»-7.'xi    29-'!71 

■^>Mti    52  1    37  5        E 

16    21»  777    2;'S.M    J'*''!!'    2l»  h7l    .'•;•■<'    ttJ 

NW 

M 

'2!»-7.'»i    29-79«»    21«  '^17 

•2;*  S4»'   .v» ;{   :n  1   NN*" 

17   2!«  h7;{  i,'i»<»i;i  2t«;»i.')  !';•  i»H2  <^i;{   K> ;» 

W 

17 

-29 -yj*;  •jt*-'-  >•;  2^»  '^iti 

•2!*si».{    54>«    42  7     NW 

18   2i«  I'l'l   ;{<t<>i«;  2<«  !».'>u  jt*  ;'♦;.;  iii(»    tn;{ 

s 

1>* 

29  >v^2    29>^"'    ■29-H4.') 

2\^^lti    .Vi7    ;»ri  I     SSE 

19   '_••»  H*fl»  J.i>  HI''  2;«^»i  ir  •  >'7u  ♦;.')t>    ij;; 

.SSE 

19 

2!«  7«>0    -29  71  (J    29-»i'2 

■2!»  622    .V;  1    4--»»        E 

2<j   2;«  >'7-'   LI*  IHM)  :«•  •♦•ji    -ji*  ;H;i»   «;ii    uin 

SW 

2(» 

29«;«;i   2;»  •; ;•;  29^27 

2l»n;Jl    .5^  1     47  4       *K 

21    :{<><•<'!»   ;i(»<t;;«;   lv*  ImN    l';»>^1'*   'h' J    t7:{ 

s 

21 

2!»  '".rj  'J**  ''Mj   29  j;n> 

•2i»  »i*.l    56  0    47  6    »^vr 

22  2;»»;!»i  3  :.27  •-*;•. mj  2!*«i»>'  :^^:\  I7  7 

s 

22 

■2'9  .!7.^    29  272    •29l»ft» 

29  ^-^  4    .x5  »<    is  i*      FSl 

23    21»  711    L'l' 7'i7    '-".•^-'7    L'H  fMl    ««i  l'    k>() 

SSW 

2;{ 

•29^HNt    29  5-.'s    ir«»»Jll 

21*  7li»    .V>  5    *5  9     .<-W 

24    2M  J«N-    .'P'-'Ci'    :5»iii7s    ,'^i  iL'i    *,;{  I    117 

s 

2i 

2!i'77«!    '2;«  ""Ml    :.'i»'95l 

;J^»oll     .V.  7    4*,,.      SW 

25    30o!ij   ;;i»u44;   :i:«;.:,t    _>;» :._»:   »u :,   .5s-7 

KSE 

25 

;{<i(i.;«s   .'J4t('5,s    i';»;»i#2 

:Jih»42    vSHti    42  .<      NK 

26    2!* '••il    2««  N'.2    L'tt'-'S    .'!»  M.J   :.:,;;    Jit 

KNE 

2ti 

;jir(»4l>.    .{(»  1.17    ;{4(  im; 

:u*\t**   Sl>   42  3       E 

27   2!»  H'M)  i'»  !X'9  !•<»  !•-'»;  ;;''('17  •'».'•  i    t.s  ♦; 

KNK 

27 

;i*i  170     {0  -'22    :toc24». 

3«'2sl     4^9    C  4        K 

2«    :j(r(»3h  ;>>»(».s7   ;;<•  (•71    ■'X'l.v;  .m,'-7   ^nt 

NE 

'J^ 

:U'-.;n2  .i(»-29h   :{<t-2«J2 

.30  -273    .S2  2    ;f>>     KNE 

2i»  ;;<'i7i  ;j4f2<»'.»  ;!n  17;:  ;;<•  1:,,^  .m  <•  .{.•,«• 

N 

•2!» 

:m»  2.V;  ;;••  i!»9  :j*»(»^»; 

21*  Wi    53  7    .56  s    ^^N*' 

30 

:J()•(>^0   JJ  l•l^> 

2H  Hfti 

•2'J>\:y 

55  2    in  U 

WNW 

3(t 

29  9  {4 

•29  --4.5    29-712 

29  6\l    5i»  s 

kU    WSW 
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KEW. 

QLAfiClOW. 

BABDUKtCK. 

TKHPltRA- 

h 

pi 

TMrnrmmA- 

1! 

1 

4A.». 

10A.K. 

iTM. 

10  t.m. 

M&xtfln. 

i 

I  A.m. 

M^T 

KiB. 

1 

iMTS 

2»-«»l 

S9-70S 

WWQ 

64  7  403 

NW 

I 

%&4^ 

^^478 

29-976 

t^ms 

53*1 

^*9 

NW 

S 

9ft-7»fl 

a9  747 

as-sfld 

:£SQS8 

57  S  35  9 

W 

3 

29-554 

39-474 

39*4t4 

m^4^ 

518 

395 

w 

3 

S9-4IS3 

M-^m 

90«t& 

29665 

54  1    4l'1i 

w 

3 

29'W>4 

29  4Si> 

29-572 

39*7131 

50*0 

35*8 

K 

4 

i»75a 

^■mi 

S9'U20 

:i0  04e 

53-3   :^3 

a 

4 

'2[>  ■'-7 

■^,i,..ni-, 

iLi:.Hj6 

29-331 

Sin 

33-0 

sw 

& 

30-038 

m-m& 

3DD45 

;^  l&l 

s2H  3fi'i^ 

WNW 

o 

:2''  .   •! 

;    < '  ,<; 

;•■  i^fjt 

30*17* 

43*9 

33-4 

ws*w 

« 

9015a 

30-900 

30  159 

3U170 

41*  3  ;J^  a 

KW 

ti 

.iir.Mj 

M  I    J'.  1  i 

."■i^il 

30-3iB 

49*3 

33-1 

i«w 

7 

90IS8 

30117 

3(M6» 

30  224 

49-9   34-g 

N 

7 

3tJ-j^ 

^J2«7 

;fioa:7i 

^•3L9 

55*1 

38*0 

£1N£ 

8 

ao-iipo 

30-905 

SU'ies 

ttU;£47 

51- 1 

3«-9 

N 

3 

30-313 

30  33L 

3U2^ 

30*;ffO 

51-7 

37-5 

K£ 

9 

30-910 

ao-i7» 

30i>95 

30UI7 

509 

3«*4 

£ 

9 

3n-2tv7 

:i0  19n 

30*175 

30-244 

51*4 

4M 

R 

10 

.^ISI 

3t>-i25 

3006^1 

90'OfiO 

M-0 

34-9 

N 

10 

Hii  Lii 

;  ■'  |i>h 

3H'U55 

3>j*0lw 

547 

338 

W 

U 

8U^0i4 

2»9&i 

'2U  OJl 

fl9'«9B 

53-3 

40'0 

N£ 

11 

L'l' 

..  '  .'17 

39  875 

298s£ 

53  1 

41-3 

N 

U 

S0-S33 

its^asff 

2^81'- 

29'9t1 

TH'Z 

39= S 

K 

12 

:.'■ '   •  ' . 

_■■  'Jl 

29  9:15 

29  9^1 

511 

41-3 

KB 

13 

2i-8£a 

;2»8i9 

•2\t  -^vl 

.' '  •*:- 

5( 

13 

L'"  : ' !  7 

J  ■  :■  i'h 

^■rt73 

2»J  sritj 

5U-3 

33-3 

N 

14 

9»^»ai 

2&^»S1 

■^»t  -    ; 

vVNW 

14 

■.,     V-- 

::'  ^ra 

29S23 

29-75(J 

*;t-4 

35  « 

KMW 

1^ 

ao'Boi 

^9  741 

1*1*  nil 

J  1  .  •■  '  -■ 

B 

15 

Jli  ill! 

-!''    '71 

2H*i4 

29-575 

45  L 

-19*3 

g3S 

U 

29571 

•^*tS4& 

2y'5;w 

^-  I 

WSW 

Hi 

:J'.'  "'."i 

.'^  n'*; 

?U3t)J 

29-3<J7 

40-4 

37-7 

S^W 

17 

9&-4lf7! 

29'4d3.' 

auaa^ 

".-   ' 

n-.; 

WtiW 

17 

J'l  |''i 

-■'  .i;e 

29  139 

29-275 

54-i 

41^ 

WRW 

18 

9&'2»i 

9^518 

20.S5H 

M  1 

w 

IH 

UM     Jil^ 

-If  nj& 

2a  004 

29  7t13 

isn 

:!78 

£Mfi 

10 

20-180 

15>'774 

2----::l 

J '  -  H 

,■>. ; '  1 

n-  j 

N^W 

19 

21' '8:5 

29'adl 

29-890 

21*'.   • 

I 

■>'.i 

NN*V 

90 

30-903 

^^^1 

;>ii '  ■; ; 

:■    1  J  .■' 

iti-,' 

^l  >i 

NNW 

'21} 

:rJl*94j 

30IM4 

30*09  i 

3(> 

.  2 

£d^E 

81 

301^ 

30  201 

^j  .::ii 

j"  ,j;l,=j 

i"Vri  fl 

H'l 

N 

Jl 

;kj'2i5 

30  235 

30  227 

3t^J. 

,.,0 

W 

9a 

30  389 

30-di;t 

3U247 

:jai77 

&5a 

jja 

W 

'J!^ 

341  I2ii 

3t»-(>63 

J0'070 

30  07^ 

52  3 

43-9 

W 

9S 

30-170 

3(>-33l 

3^293 

3-363 

4)03 

51  1 

NNE 

23 

:jij  1J7 

ryj  lyg 

30-mi 

519*3^ 

59'4 

50-2 

w 

94 

30-36S 

3oa^ 

SOU^ 

aO'397 

7^1-0 

4bf'* 

NVV 

^4 

3'r:J2i.t 

;iO'Jfl5 

30-£^ 

30-230 

57-8 

49-9 

W:?W 

SS 

30^3Si5 

30*435 

;\iyMi 

30-382 

m% 

511 

NNW 

as 

■  [>>  :~t\ 

.:-  J^t 

3024Jt 

30-3:{& 

54-4 

44-8 

WNW 

90 

30-354 

3i>-3:^ 

30322 
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Explanations. 

The  —  at  the  beginning  of  a  line  denotes  the  repetition  of  a  word ;  and  in  the 
case  of  Names,  it  includes  both  the  Christian  Name  and  the  Surname  :  or,  in  the 
case  of  the  name  of  any  Firm,  Association  or  Institution,  the  full  name  of  such 
Firm,  etc. 

Discussions  are  printed  in  itcUics. 

"  Abs."  signifies  Abstracts  of  Foreign  Papers  at  the  end  of  the  Proceedings. 


Accounts  of  The  Institution  of  Mining 

Engineers,  1901-1902,  9. 
Accumulator,  regenerative  steam-,  and 

its  application  for  using  exhaust-steam, 

139. 
Adda,     Koloman    von,    borings     for 

petroleum  in  Hungary,  abs.  42. 
Arrica,   Portuguese   West,   copper-ores, 

abs.  117. 
— ,  west.  Gold  Coast,  61. 
— ,  — ,  Tarkwa,  gold-field,  64. 
AoAMENNONE,     G.,     seismograph      for 

violent  earthquakes,  abs.  sS. 
AiONEB,  August,  polyhalite  in  Austrian 

salt-district,  abs.  44. 
Algas  boghead  coal  formed  from,  abs.  4. 
Alluvial  gold,  Austro-Hungary,  Bosnia, 

abs.  38. 
Alpine  upper  carboniferous,  flora,  abs. 

146. 
Alston  mines,  40. 
Alternating  currents,  and  their  possible 

application  to  mining  operations,  137. 
Anoxijs  d'O&sat,  G.  de,   petroleum  in 

Rumania,  abs.  89. 
Annual  general  meeting,  thirteenth,  of 

The  Institution  of  Minmg  Engineers,  1. 
—  report,  thirteenth,  of  council  of  The 

Institution  of  Mining  Engineers,  2. 
Antimony-ores,  Italy,  Piedmont,  Cam- 

piglia  Soana,  abs.  80. 
,  — ,  Tuscany,  Cetine  di  Cotomiano, 

abs.  79 
Argentine  Republic,    Salinas    Grandes, 

boracic-deposits,  abs.  1 1 3. 
Abbsstbono,  Sib  W.   G.,  Whitwobtii 

and     Company,    Limited,     Elswick 

works,  253. 
Artificial  reproduction  of  minerals    by 

sublimation,  abs.  148. 
Asbestos,  Canada,  abs.  182. 


Asbestos  -  deposits,     Switzerland,    abs. 

102. 
Amhworth,  James,  Fenne  ejcpfwion^  117. 
Asia  Minor,  Balia-Maden,  contact-mcta- 

morphic  ores,  abs.  117. 

—  — ,  Heraklea,  coal-field,  abs.  1 10. 

,  south-eastern,  coal,  abs.  112. 

, ,  ore-deposits,  abs.  112. 

Asphaltic-deposits,  Egypt,  abs.  109. 

,  Italy,  Sicily,  iSigusa,  abs.  80. 

,  Palestine,  abs.  109. 

Atkinson,  J.  B.,  Femie  txploaion,  113. 
— ,  marl-Mlate.  ami  ydlow  ttands  of  North- 
umberland and  Durham,  37. 

— ,  probainlity  of  ^finding  workahte  seanut 
of  coal  in  carboniftroiiH  limtfifone  of 
XorthumJitrland  ami  Durham^  214. 

— ,  undersea  coal  of  Northumberlaiul 
coa-Hl,  79. 

Atkinson,  W.  N.,  Femie  explosion,  109. 

Auriferous-deposits,  Austro-Hungary, 
Bohemia,  Roudny,  abs.  33. 

,  Brazil,  Raposos,  abs.  1 18. 

,  Celebes,  northern,  abs.  141. 

,  Dutch  Guiana,  abs.  122. 

,  Surinam,  abs.  122. 

,  West  Indies,  Hayti,  southern,  abs. 

125. 

Auriferous  placers,  Chile,  abs.  184.* 

—  quartz-deposits,  Siberia,  abs.  171. 

—  region,  Sioeria,  abs.  106. 
Australia,  copper-ores,  low-grade,  treat- 
ment, 173. 

-,  New  South  Wales,  iron-ore  deposits, 
abs.  138. 

— ,  South,  Wallaroo  and  Moonta  mines, 
copper-ore,  mining  and  treatment,  172. 

Austro-Hungary,  Bohemia,  Bohmerwald, 
earthquake,  1902,  abs.  13. 

,  — ,  central,  coal-basins,  strati- 
graphy, abs.  35. 


VOL.  LIU.-] 


IKDXX. 


AuBtro-Hunffary,    Bohemia,    coal-meas- 
ures, correlation,  abs.  34. 
,  — ,  earthquake-swarms,  1900-1902, 

abs.  12. 
,  — ,    Kladno-Rakonitz    coal-basin, 

geology,  abs.  34. 

,  — ,  nickel-ore  deposits,  abs.  37. 

,  — ,  northern,  brown-coal  deposits, 

abs.  36. 
,  — ,  Pndbram,   underground  seis- 

mological  observatory,  aro.  24. 
,  — ,  Radotin,  coal  in  diabase,  abs. 

35. 
,  — ,   Roudny,    auriferous-deposits, 

abs.  33. 

,  Bosnia,  alluvial  gold,  abs.  38. 

,  — ,  coal  in  trias,  abs.  39. 

,  Carinthia,    Htittenberg,    iron-ore 

deposits,  abs.  39. 
,  — ,  upper,  lead.ore  deposits,  abs. 

40. 
,  — ,  — ,     zinc-ore     deposits,    abs. 

40. 
,  Camiola,    Laibach,    upper,   coal- 

bearing  trias,  abs.  41. 
,  Hungary,  Als6-Galla,  brown-coal 

mines,  abs.  154. 
,  — ,  Biluhida,    brown-coal    mines, 

abs.  154. 
,  — ,   Budapest,    seismological    ob- 
servatory, abs.  23. 


Austro-Hungary,  Hungary,  gold-mining, 

abs.  153. 
,  — ,    Jasztrabje,     pyrites-depoiit, 

abs.  44. 
,  — ,  northern  Bakony,  earthqoike, 

1901.  abs.  9. 

,  — ,  petroleum,  borings  for,  abi.  42. 

,  — ,   southern,   earthquake,   1901i 

abs.  9. 

,  Moravia,  iron -ore  mines,  abs.  158. 
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